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SUMMARY 

Locations of phony-diseased trees were charted in 
young peach orchards in Peach County, Georgia. 
Spread into an orchard from a source at orchard 
edge appeared to follow the pattern: The number 
of diseased trees in the Ist row equals the number 
in the next 2 rows, in the next 4 rows, and so on in a 
geometric Obstructions in the path of 
spread appeared to protect orchards to the leeward 
and to cause “compression of regression” in orchards 
to the windward. Groups of diseased trees apparently 
resulting from obstructions in the path of spread were 
regarded as analogous to sand dunes. The volume of 
spread from a potential source of the virus appeared 
to be correlated with prevailing wind direction. 


regression. 





Introduction.— Understanding the pattern of 
spread of phony disease would have obvious value for 
formulation of recommendations as to isolation of 
new planting from sources of phony virus (VV). In 
this study, data were obtained by charting the loca- 
following the annual roguing of 


tions of stumps 


phony-diseased trees by pest control inspectors in 


peach orchards in Peach County, Georgia. Certain 
of these orchards were given alphabetic designations. 
Their 
peach trees were planted on squares 20 by 20 ft. 
Orchard I was planted in 1945; J, K, and R in 
1946; G and H in 1947; L, P, and Q in 1948; E in 
1949; and A, B, C, D, F, M, and N in 1950. A 
1950 greatly reduced the 
vector population in Peach County (6) and caused 


neighboring orchards were numbered. The 


severe freeze in November 
a reduction in incidence of phony disease beginning in 
1953. 

The interpretation of the data is based on the 
following premises: 

1) Diseased trees in a young orchard represented 
seed- 
bud- 
ding practices (1) and has never been detected in 
peach nursery stock. Generally, PV is confined to the 


spread from outside the orchard.—PV is not 


borne, soil-borne, or transmitted by customary 


genus Prunus, and in this study all spread was as- 
sumed to have taken place from infected peach and 
plum trees. PV 
stem-feeding leafhoppers (2, 4, 5), of which Homa- 


is transmitted by several species of 


lodisca coagulata (Say) (formerly identified as H. 
triquetra (F.)) is presumed responsible for most 


natural spread (3). This insect overwinters in woods 
(6) and cannot 


planting of peach trees. 


overwinter on land prepared for 

2) Viruliferous vectors entering an orchard were 
immediately infective-——The incubation period of P\ 
in vectors is from about 10 days to much longer (5). 
A vector might acquire PV from a tree and depart 


PuyToraTHOLocy for May (51: 


26° 


245 


without transmitting PV immediately. If this happens, 
it affects the pattern of spread from a source within 
an orchard, but it affects to a much lesser degree the 
The 


source orchards in this study were large, and a large 


pattern of spread from 1 orchard to another. 
majority of viruliferous vectors probably became in- 
fective. A vector often feeds for a long time on a single 
plant. 

3) Diseased trees found in July of the 2nd sum- 
mer represented a part of the spread occurring early 
in the Ist growing season—tThe period from February 
of the Ist year, when vectors begin leaving winter 
until July of the 2nd 
than the average incubation period of PV in young 


auarters (6) summer is less 
peach trees. 

1) Diseased trees found in July of the 3rd sum- 
mer represented the remainder of the spread occur- 
ring in the Ist growing season.—In vector (5) and 
scion-inoculation experiments nearly all trees success- 
fully inoculated the Ist 
July of the 3rd 


trees in July of the 3rd summer represented spread 


year showed symptoms by 


summer. Possibly, a few diseased 


occurring very early in the 2nd summer. but this 


unlikely 


with age of test 


seems because the incubation period in- 


creases trees. Possibly, a few 
diseased trees in July of the 3rd year represented 
This 


seems unlikely because the feeding area of vectors on 


spread from sources within the orchard. also 


peach trees is mature wood (6) of which there is 


less on Ist-year than old peach trees. 
The pattern in the second and third summers,— 
This pattern of initial spread 


Geometric regression. 


of phony disease appeared: the number of diseased 


) 


trees in the Ist row the number in the next 2 rows, 


the next 4 rows, and so on in a geometric regression. 
The formula for this regression is: y b log (x+1) 
where y is the slope of the line, b the regression co- 
efficient, and x the distance measured in peachtree 


When the 


(x+1) log 2. B 


rows. formula is written y b log 
the expected number of diseased 
trees in any regression increment and the expected 
provided that the source is 
ia, see 


and 63 are entered on the base line in Fig. 1-4. When 


number in the Ist row 


at the orchard’s edge. Row numbers 1, 3, 7, 


1 is added to each of these numbers and the loga- 


rithms of the sums are divided by the logarithm of 
2, the quotients are 1, 2, 3, 
In Fig. 1-4 
are employed for the purpose of avoiding 0 in data. 

Orchard E was 


It was large, situ- 


1, 5, and 6, respectively. 
accumulative numbers of diseased trees 

The pattern in the ideal orchard. 
ideal for study of initial spread. 
ated on level land, and had a great potential source of 
PV flanking the west edge. On the west edge. the 
E was flanked by 


phony-infested orchard 4 and the northern half by a 


southern half of orchard heavily 


1-344) was issued May 19, 196] 
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Fig. 3.—Number of phony-diseased trees in the 4th 
summer in orchards for which the principal source of PV 
was destroyed during the Ist summer 


corn field. There were other orchards to the south 
and west of orchard 4, and none in other directions. 
Diseased trees were rogued annually in July. 

The incidence of diseased trees regressed north- 
number of dis- 


eastward. From the west edge, the 


eased trees was counted among trees 1-51 in the 
Ist row. trees 2-52 in the 2nd row. 3-53 in the 3rd 
row. and so on to row 63. East of row 63. the rows 
were cut short at the north edge by woods and there 
were only 23 trees in row 93 at the edge of the woods 


to the east. 
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Fig. 2.—-Number of phony-diseased trees in the 2nd 
and 3rd summers in orchards with a source of PV at a 
measurable distance from an orchard edge. 
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Fig. 4.—Number of phony-diseased trees in the 4th 
summer in orchards for which the principal source of PY 
was not destroyed. 





Within the area counted there were in the 2nd 
summer 7, 8, 7, 5, 4, and 2 diseased trees in the Ist, 
the next 2, next 4, next 8, next 16, and next 32 rows, 
respectively. The corresponding figures in the 3rd 
summer were 9, 8, 8, 9, 12, and 14; and the 2-year 
totals were 16, 16, 15, 14, 16, and 16 (Fig. 1). 

The pattern in other orchards.—The other orchards 
were far from ideal for study of initial spread. Prob- 
ably, in all those orchards, diseased trees represented 
some spread from at least 1 direction other than 
that measured. 
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In orchards J and K, diseased trees were rogued in 
August of the 3rd summer. The late roguing lessened 
the probability that all diseased trees represented 
spread during the Ist year. 

Orchard H was flanked by old orchard 4 at the 
north edge and old orchard 8 at the south edge. 
There were wild and cultivated plum trees 300 yards 
across open land to the west. Spread occurred from 
the south and the west, but not from the north. Re- 
gression was measured in the east half of the orch- 
ard in rows of 25 trees northward 45 rows to the 
edge of orchard 4. 

Orchard K was flanked on the north edge by orch- 
ard 11 and on the west edge by orchard 12. Spread 
occurred both from north and west. Regression was 
measured in the southern half of the orchard from 
the west edge in rows of 23 trees eastward 23 rows 
to a paved road. 

Orchard J was flanked on the south edge by old 
orchard 11 and orchard 12 was situated 300 yards 
across open land to the southwest. Spread occurred 
both from the south and the southwest. Regression 
was measured from the south edge in rows of 2] 
trees northward for 80 rows to a pecan orchard at the 
north edge. 

The southern half of orchard L was situated 56 
yards east of old orchard 14, and the northern half 
was flanked on the north and west edges by woods, 
with old orchard 13 situated at the northwest corner. 
Spread occurred both from the west and the north- 
west. Regression was measured in the southern 25% 
of the orchard from the edge of orchard 14 in rows 
of 15 trees eastward 57 rows to a field at the east 
edge. 

Orchard P was situated at the south edge of an un- 
paved road. Old orchard 22 flanked the north edge 
of the road. Regression was measured from the edge 
of orchard 22 in rows of 13 trees southward to row 
31. Beyond row 31 there were a few wild plums 
at the west edge of the orchard. 

The fit of data to geometric regression is shown 
in Fig. 1 for orchards with a source of PV at orchard 
edge and in Fig. 2 for orchards with a source at a 
measurable distance from orchard edge. In all in- 
stances, the fit was good for a least a short distance. 
The departures from geometric regression at greater 
distances from source were presumed due to spread 
from a direction or directions other than the 1 
measured. 

In orchard H there were 6, 6, and 5 diseased trees 
in the Ist, next 2, and next 4 rows. The correspond- 
ing figures for orchard J were 1, 3, and 2; for orch- 
ard K, 6, 4, and 4 (Fig. 1). In orchard P, the Ist 
2 rows were regarded as missing; there were 6, 9, 
and 7 diseased trees in rows 4-7, 8-15, and 16-31. 
In orchard L, the Ist 7 rows were regarded as miss- 
ing; there were 31 and 31 diseased trees in rows 


8-15, and 16-31. 


Alteration of pattern by obstructions in the path of 
spread.— 1) Buildings.—It is well-known that phony- 
diseased trees occur in groups near buildings. An 
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example of this phenomenon was observed in orchard 
E. A building, 20 x 80 ft., was situated within orch- 
ard E near the northeast corner of source orchard 4. 
In both the 2nd and 3rd summers, there were few 
diseased trees near this building and there were 
groups of diseased trees to the north and northeast. 
These groups were regarded as analogous to sand 
dunes. 

2) Woods.—In orchard E a band of high incidence 
occurred back 75-150 yards from tall woods (maxi- 
mum height of trees 80 ft.) at the east edge. This 
band extended from the south edge northward to 
within 100 yards of woods at the north edge. In 
orchard M, groups of diseased trees occurred back 
75-150 yards from woods at the north edge. It was 
presumed that these groups of diseased trees repre- 
sented infections by vectors that might have traveled 
much farther in the absence of woods, and that the 
net result was “compression of regression.” The 
vectors usually make low flights (6). Thus an old 
peach orchard should be more or less effective as a 
wind-break. 

3) Hills—Three orchards, A, B, and C, were on 
rolling land, and in these orchards the distribution 
of diseased trees appeared to be related to the lay 
of land. There were few diseased trees on downward 
slopes and groups of diseased trees on hillsides facing 
the presumed source. 

{lteration of the pattern at orchard edges.—In 
3 instances, there was an excessive number of dis- 
eased trees near an orchard edge. 

The south edge of orchard E was flanked by a 
small-grass pasture, and the orchard in the Ist year 
was interplanted with cotton. The pasture, about 
80 A, was flanked on the west by old peach orchards 
and on the east by woods. In the 2nd and 3rd sum- 
mers, there were 117 diseased trees in the southwest- 
ern corner of the orchard, 60 x 60 rows. Of these 
117 trees, 27 were in the southernmost 6 rows. Likely 
some vectors crossed the pasture and entered orchard 
E at the south edge; however, there was only a 
slight regression trend from the south edge north- 
ward. The high incidence was confined to 6 rows 
with the number of diseased trees in each varying 
only from 5 to 3. 

\ pattern similar to that along the south edge of 
orchard E occurred along a part of the south edge 
of orchard C, which was also interplanted with cot- 
ton and flanked by grassland. 

The east edge of orchard H, which was not inter- 
planted with another crop, was flanked by the same 
pasture that flanked the south edge of orchard E. 
In orchard H, there was no unusually high incidence 
along the edge of the pasture. 

The suggested explanation is based on the feeding 
habits of the vectors. The principal vector does not 
feed on small grasses, whereas cotton is a favored 
and peach an acceptable food plant. Vectors leaving 
the orchards encountered non-food plants and turned 
back, subjecting the neighboring peach trees to 
double jeopardy of infection. 
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The pattern in the fourth summer.—The pattern 


of diseased trees in the 4th summer was always dif- 
ferent 


diseased 


from the pattern in the 3rd summer The 


represent spread 
The difference 


change in 


trees were presumed to 
that occurred during the 2nd summet! 
in the pattern was interpreted to mean a 
Nearly all orchards had 


than 1 direction \ 


source of virus. potential 


sources of PV in more shift in 


prevailing wind direction at a critical time during 
the 2nd summer or a shift in the relative numbers of 
vectors within source orchards would result in a 


change in the pattern of diseased trees in the young 


orchard. Spread from sources within the orchard also 
would change the pattern 

orchards 4 and 14, the 
sources for orchards E and L, respectively, were up- 
the land was tilled, and the 
rorce | to n rrate In orchards 


Trees in old principal 


rooted in the Ist summer 
vector population 


phony disease was high in the 


E and ® incidence ot 


3rd summer and decreased in the 4th summer (Fig 
3). Trees in the principal source orchards for orch 
ards H, J, and K were present during the 2nd sum 
mer, and phony incidence in 0 irds H, J, and K 
increased in the 4th summer I | This obser 


vation led to the conclusion that diseased trees 
in the 4th 


the orchard. 


summer represented spread from outside 
This 
area. mature wood, increased gre 
the 2nd 
wood, wa 


orchards than on disease 


seemed iogk since the target 
from the Ist to 
summer: and the acquisition area, mature 
s much oreater on dIse ised trees in the old 


young ore hards. 


1 tre f 

In orchard E, the 4th-yea lence of diseased 
trees regressed north northeastward and a zone olf high 
incidence occurred back fr ‘ 1 near the north 
edge. In this zone were 39 dis es in an area 
having 1 diseased tree in tl mmer and 2 in 
the 3rd summer. The 4th-yea ittern suggested 
that many of the diseased tree presented spread 
from orchard H, 200 yards thwe or from 


more distant orchards 


The effect of orientation of source.—Spread of 
phony disease from sources to the southwest appeared 
greatest; trom the west. next from the south. usually 
greater han from the nort nd from the east, least 


were potential sources for 


Orchard 8 had 


Some old orchards 


or more young orchards ibout 2.700 


trees planted about 1939 In 1947, orchard Q was 
planted at the west edge, orchard G at the northwest 
corner, and orchard H at the north edge of orchard 
8. Spread northward into orchard H was great 


Little or no spread appeared westward in 
that 


(Fig. 1). 


to orchard Q; moderate infestation in orchard 
1d from wild plums at 
Little or 


into orchard G; 


apparently resulted from spre 


the north edge and 200 vards to the west 


no spread appeared from orchard 8 
heavy spread into the latte 
wild and cultivated plums to the west and southwest 

Orchard 4 had about 4,000 planted 
1938. In 1946, orchard H was planted at the 


edge, orchard G at the southwest corner, and orchard 
R at the west edge; in 1949, orchard E 


ipparently came from 


about 


trees 


south 


was planted 
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at the east edge of orchard 4. Spread eastward and 
northeastward into orchard E was great (Fig. 1). and 
orchard H_ doubtful. 


spread appeared southwestward into orchard G and 


southward into Little or no 


westward into orchard R. The few diseased trees in 
orchard R apparently resulted from spread from wild 
plums 400 yards to the west. 

Orchard 11 consisted of about 1,000 trees planted 
1938. In 1946 orchard 
north edge and orchard K at the south edge 
first 
(Fig. 1) appeared to be greater than the 
spread into orchard K. 


about J was planted at the 
The 
summer the northward spread into orchard J 
southward 
However, in the fourth sum- 
mer diseased trees in orchard K showed a regression 
trend from north to south, suggesting heavy spread 


from the north in the second 
Orchard A flanked on the 


edges by wild plums. Spread from the south appeared 


summer. 


was north and south 


to be 3 times that from the north. Orchard I was 
flanked on the northwest and east edges by wild 
plums. Spread from the northwest appeared to be 
great and from the east doubtful. Orchard S_ was 
flanked on the west and southwest edges by old 
orchards. In the fourth summer the stand of trees 


was reduced to 30 percent by roguing of diseased 
trees, 


source of PY 


seemed ineffective if separated from a young orchard 


Exposure of source.—A_ potential 
wind 


and M 


potential 


by a substantial windbreak. Protection by 
breaks was noted in parts of orchards E, I, L, 
Also, a windbreak to the 
source appeared to reduce spread as noted in orchards 
M.N. anda part of | 

Wolfenbarger (9, 10) 


iterature on dispersion of 


windward of a 


Discussion. reviewed the 


small organisms. In his 
review, he included vertical dispersion as well as lat 


eral 


well as from a large area. 


dispersic n,. dispersi m trom a point ‘ » WH S 
and dispersion of relecsed 


insects as well as 


ontinuous dispersion. He fitted 


nearly all data to the formula: 

y a b(log x) (1 
vr to the formula: 

y a + bi(leg x) c/x (2) 
where x is a unit of distance and a, b. and c are 


constants. 


Apparently, few plant pathologists presented data 


representing primary spread of a | organism 


caus 


of a plant disease exclusive of secondary svreed 
With reference to plant viruses, perhaps none did. 
Wilson and Baker (7, 
snread of Sclerotinia laxa and of Puccinia coronata 
They fitted the data to a 


constant: 


8) presented data on primary 


formula containing only | 


V 100 (l+a)- (x +a)? (3) 


The dispersion of S. laxa represented invasion of 


an orchard from an infested orchard for a distance 


of 4 apricot tree rows. The spread of P. coronata 
represented dispersion from a line. 

Almost any set of dispersion data may be fitted to 
formula 1 or 2. Many sets of data, cited by Wolfen- 
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barger, that represent lateral dispersion from a point 
or a line may be fitted to formula 3. 


In this study, phony diseased trees represented 
invasion of young peach orchards by viruliferous vec- 
tors. Phony diseased trees in orchard E, for example, 
presumably represented dispersion of viruliferous 
vectors from each of the £0 rows of trees in neigh- 
buring infested orchard 4. The resulting data gave 
a good fit to the formula 

y b log (x + 1) (4) 
Possibly some modification of formula 3 would be 
more appropriate. 

In an area where phony disease infestation is high 
and at a time when the vector population is also 
high, it may not be possible to establish a new 
peach orchard at sufficient distance from sources of 
PV to exclude the disease. In this study isolation 
reduced losses. Orchard D was situated 1,000 yards 
northeast and orchard F 660 yards east of the closest 
great sources of PV; in these orchards in the 3rd 
year, there were 3 and 2 diseased trees, respec tively. 
In the area in orchard FE illustrated in Fig, 1, 11 rows 
included 561 trees and was a distance of about 100 
yards measuring northeastward. In the Ist 11 rows. 
there wee 57 diseased trees; then 12. 9. 5. 6. and 6 
respectively. in the next 5 blocks of 11 rows each. In 
this instance, 100 yards isolation greatly reduced inci 
dence, 200 and 300 yards isolation reduced incidence 
further, and 400-500 yards isolation was no better than 
300 yards. The ground cover was young peach trees 
interplanted with cotton. Perhaps, a ground cover of 
plants less attractive to the vectors would be less effec 
tive in trapping the vectors. The isolation was in the 
direction of the prevailing wind. 

The importance of a phony-infested orchard as a 
potential source of the virus for infection of youngei 
plantings appeared affected by orientation of the 
orchards and exposure to wind. There appeared 
little need for isolation of a young orchard from an 
old orchard to the east or from an old orchard sena- 
rated from the young orchard by a substantial wind- 
break. A windbreak on the leeward side of a young 
orchard, however, reduced the value of isolation. 


Presumably, the importance of a_phony-infested 
orchard as a potential source of the virus for infe 
tions of younger plantings in the path of spread was 
more or less proportional to the number of affected 
trees not yet rogued plus the number of trees in 
incubation-stage times the number of vectors in the 
source orchard. To a large extent, the vector popula- 
tion is determined by cultural practices such as cul- 
tivation, use of organic insecticides, and use of speed 


sprayers that spray the orchard floor as well as the 
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trees because the vectors breed on weeds and certain 
crop plants (6). 

In some instances, a relatively few wild plum trees 
near the orchard edge were a greater source of in- 
oculum than many affected peach trees and than a 
great many peach trees in incubation stage in a 
neighboring orchard. The common wild plum, Prunus 
angustifolia Marsh., of Peach County, propagates by 
underground stolons, and great numbers of trees in 
a thicket may be on a connected root system. PV 
moves through the root system, so the virus from | 
successful inoculation made by vectors may invade 
many trees in a thicket. As a consequence, phony 
disease spreads more rapidly in this plum than in 
peach. Not only was phony incidence higher in wild 
plums than in peach, but the wild plums received 
no insecticidal spray applications, whereas peach 
trees received several to many each season. 

In young peach orchards, all phony-diseased trees 
in the 2nd year, all or nearly all of the phony-dis- 
eased trees in the 3rd year, and the majority of 
those in the 4th year apparently resulted from spread 
from outside the orchard. All spread during the Ist 
year and much of the spread during the 2nd year 
took place before an axe was laid to the Ist phony- 
diseased tree. 
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SUMMARY 

The effect of various 
larvae from Heterodera studied 
under controlled laboratory Leachate or 
diffusate from soybean roots failed to stimulate larval 


factors on the emergence of 


glycines cysts was 


conditions. 


emergence. A significantly greater number of larvae 
emerged from plump, light-brown cysts than from 
shrunken, dark-brown cysts or from white or yellow 


Larval from cysts 


sieve 


females. collected on 
a 40-mesh different from 
smaller cysts that passed through a 40-mesh sieve and 
60-mesh 


at constant 


emergence 
was not significantly 
were collected on a sieve, Larvae emerged 
from cysts incubated 


tained at increments of 4 


temperatures main- 


between 16° and 36°C, but 


failed to emerge at higher or lower temperatures. 
Larval emergence was optimum at 24°( After in- 
cubation of cysts at 40°C for 10 days, larvae failed 


to emerge from cysts when transferred to 24°C. Al- 


ternating the incubation temperature between 24 and 
16°C reduced larval emergence. Subjecting cysts to 
24°C reduced larval emergence from cysts when 
transferred to 24°C, but failed to eliminate emergence 
after exposure for 18 months. Emerged larvae were 
killed by freezing and by exposure to 40°C. Larval 
collections from Baermann funnels were increased by 


emerge trom 
12 weeks, but 87° 


rupturing cysts. Larvae continued to 


cysts after incubation at 24°C for 


emerged during the first 6 weeks. Light failed to 
affect larval emergence from cysts. Lack of aeration 
restricted larval emergence from cysts. Larval 
emergence was greatly reduced by mild desiccation 


of cysts. 





Introduction.—Knowledge is meager on the fac- 


tors that influence the development and behavior of 





the soybean-cyst nematode Heterodera glycines Ichi 
nohe, 1952. Since second-stage larvae that have 
emerged from the cysts are the infectious stage, it 
is desirable to elucidate the conditions that regulate 
this population. Ichinohe (16) and Skotland (22) 
reported that root leachates failed to stimulate 
emergence of larvae from cysts. According to Skot- 
land (22) and Epps (8), desiccation of cysts mark- 
edly reduced the “viable contents” of cysts. Ichi- 
nohe (16) reported that cysts exposed 7 months to 
—40°C still contained viable contents and that 10°C 
was the “threshold” temperature for nematode de- 
velopment. Winstead and Skotland (29) reported 
that a water temperature of 48-49°C was lethal to 
cyst contents. 


This paper presents results of investigations on the 


influence of various factors on the emergence of 
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larvae from H. glycines cysts. Preliminary reports 


have been presented (13, 23). 
Materials and methods.—The original source of 
H, glycines was infested soil collected from fields in 
Arkansas. Cysts were extracted 


infested soil and 


Mississippi County, 
from the naturally used to infest 
methylbromide-fumigated soil in flats. Soybeans were 
grown in the artificially infested soil in the green- 
house to increase the cyst population used in the 
various experiments. When cysts were required in 
the laboratory, they were extracted by agitating an 
aliquot of heavily infested soil in water, pouring the 
water and suspended cysts through a 25-mesh sieve, 
The 
cysts were washed from the sieves, collected in Petri 
dishes, individually 


and collecting the cysts on a 60-mesh sieve. 


selected under the stereoscopic 
microscope, and separated into test lots at random. 
After 
was adopted for conducting the tests on larval emer- 
from H, The procedures _in- 
volved modifications of the hatching tests with cysts of 
H. rostochiensis Wollenweber as Fen- 
wick Widdowson (11). In the majority of the 
tests, cysts were incubated in Syracuse watch glasses 
distilled The 


temperature was 24°C except when tem- 


preliminary investigations, a standard method 


gence glycines cysts. 
reported by 
and 
containing a small volume of water. 
incubation 
perature was the variable being studied. The number 
of selected cysts used for each replicate sample was 
50, and each treatment was replicated 4 times. Tests 
that 


1 


3 times and used different lots of cysts. 


composed a single experiment were repeated 
Since each 
lot of cysts denoted a different potential for larval 
emergence, an index of emerged larvae was derived 
to allow a direct comparison of data among the tests 
and to present the results from the various experi- 
ments more clearly. The emerged larvae index for 


each test was obtained by use of the formula 


emerged larvae index 
larvae emerged from each replicate 1000 
larvae emerged from all replicates ; 
The fractional number was multiplied by 1000 to re- 
tain the identity of small numbers The data from the 
3 tests were subjected to a combined analysis of vari- 
ance. In summarizing the results of a particular ex- 


periment, the replicate indices were averaged and 


illustrated graphically. 
Results. 


leachate-——A _ study 


influence of 


was 
from 


Soy bean-root 
made to ascertain the leachates 
soybean roots and diffusate from root segments on the 
emergence of larvae from cysts. Soybean root leach- 
ate was collected in a manner similar to that reported 
Widdowson (11). Root diffusate 
placing segments of live soybean 
Distilled water 
was employed as a control. The cysts used were ex- 


by Fenwick and 
was supplied by 


roots in distilled water with the cysts. 
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tracted singly and briefly washed in distilled water 
before being placed in the various hatching media. 
The randomized and replicated lots of cysts were 
incubated at 24°C. Emerged larvae were counted 
and removed at weekly intervals and the hatching 
medium renewed. Larval emergence was not sta- 
tistically different, regardless of the medium in which 
the cysts were incubated. 

Ichinohe (16) and Skotland (22) reported that 
root diffusates of several host and non-host plants 
failed to stimulate emergence of larvae from H. 
glycines cysts. Root diffusates from host plants were 
reported to stimulate larval emergence from cysts of 
all species of Heterodera except H. major (Schmidt) 
Franklin and H. gottingiana Liebscher (15, 28). 

Maturity and condition—-Observations of the popu- 
lations recovered from field soils indicated that the 
degree of maturity of females and the maturity, con- 
dition, and size of cysts might influence potential 
larval populations in the soil. Microscopic examina- 
tions revealed that: 1) white females contained rela- 
tively few eggs, most of which lacked embryonic de- 
velopment: 2) yellow females contained a moderate 
number of eggs in various stages of embryonic de- 
velopment; 3) plump, light-brown cysts contained 
many eggs with larvae inside; 4) brown, shrunken 
cysts contained a moderate number of eggs with larvae 
inside; 5) brown, shrunken cysts that floated on water 
contained some egg shells and relatively few eggs, all 
with larvae inside. The association of color with 
maturity of the female and development of the cyst 
agreed with observations reported by Ichinohe (16). 

In laboratory studies randomized and replicated 
tests were used to determine the effect of the various 
female and cyst conditions on larval emergence. As 
shown in Fig. 1-A, a significantly greater number of 
larvae emerged from cysts that were light-brown and 
plump than from cysts in other categories. The num- 
ber of larvae that emerged from yellow females was 
significantly higher than that from white females or 
the shrunken cysts, although only about one-third that 
from light-brown and plump cysts. During incubation, 
the color of the females changed toward that of the 
next maturity group. However, the change was not 
rapid and the original color category was retained 
at the conclusion of the tests. 

The influence of cyst size on larval emergence was 
studied. Light-brown and plump cysts collected on a 
40-mesh sieve were compared to similar cysts that had 
passed through a 40-mesh sieve and were retained by 
a 60-mesh sieve. There was no significant difference 
in emergence. 

According to Duggan (5), six-week-old white 
“cysts” of H. schachtii Schmidt failed to provide any 
reproductive potential when mangolds were planted 
in inoculated tubes of soil. Jones (17) and Ellenby 
(6) reported that H. schachtii cysts required a period 


of maturation before newly produced eggs were stimu- 
lated to hatch. However, larvae were reported by 
Jones (17) to be liberated by mature white cysts. 


EMERGENCE FROM H. GLYCINES 351 


Constant temperature.—To determine the effect of 
constant temperature on larval emergence from cysts, 
an experiment was conducted with incubators main- 
tained at 4° increments from 0 to 40°C. Emerged 
larvae were removed and counted at weekly intervals 
until emergence was negligible. After removal of the 
larvae, distilled water adjusted to the temperature of 
incubation was added to renew the hatching medium. 

Larvae failed to emerge from cysts incubated below 
16° or above 36°C. Larval emergence increased with 
each 4° increase in temperature from 16° to 24°C, and 
then decreased with each increase in temperature 
from 24 to 40°C. As summarized in Fig. 1-B, the 
number of larvae that emerged was significantly high- 
er at 24° than at other incubation temperatures; 
emergence of larvae at 20°, 28°, and 32°C was similar, 
but significantly higher than that recorded at 16 or 
36°C, 

After 5 weeks, H. glycines cysts maintained at 
temperatures at which larvae failed to emerge, were 
transferred to 24°C. Following transfer to the opti- 
mum temperature, larvae emerged from cysts incu- 
bated at 12°C or below; total emergence, however, 
was considerably below that from cysts incubated 
originally at 24°C. Larvae failed to emerge from 
cysts incubated at 40°C. Incubation of cysts between 
0°C and 12°C for one week or less failed to reduce 
larval emergence when placed at 24°C. Emerged 
larvae were killed almost immediately wherever ice 
crystals formed in the medium, but persisted for long 
periods at cool temperatures above the freezing point. 
Further tests on cysts incubated at 40°C showed that 
larval emergence was greatly reduced after one week 
and that larvae failed to emerge after 10 days when 
the cysts were transferred to 24°C. Emerged larvae 
were killed rapidly when subjected to 40°C. 

In studies on the effect of temperature on emergence 
of larvae from H. rostochiensis cysts, Fenwick (10) 
reported increased emergence from 15 to 25°C and 
inhibited emergence at 30°C. In similiar studies, 
Lownsbery (20) reported increased larval emergence 
from H. rostochiensis cysts as the temperature in- 
creased from 15°C to an optimum between 21° and 
24°C; larvae emerged at 30° but not at 33°C. Feld- 
messer and Fassuliotis (9) reported that some larvae 
emerged from H. rostochiensis cysts incubated at 
10°F (4°C). In 1922, Baunacke (1) reported opti- 
mum larval emergence from H. schachtii cysts at 
25°C, and reduced emergence with increased or 
lowered temperatures. Wallace (25) substantiated 
the findings of Baunacke and established that larval 
emergence from H. schachtii cysts was almost nil at 
10° and 35°C, 

{lternating temperature.—The effect of fluctuating 
temperatures on emergence of larvae from cysts was 
studied by subjecting cyst lots to the following tem- 
perature conditions: 1) A constant temperature of 
24°C: 2) alternating temperatures of 24°C for 20 
hours and 16°C for 8 hours; 3) alternating tempera- 
tures of 24°C for 16 hours and 16°C for 8 hours; 4) 


_ 


alternating temperatures of 24°C for 8 hours and 16°C 
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for 16 hours; 5) alternating temperatures of 24°C for As shown in Fig. 1-C, larval emergence from cysts 


4 hours and 16°C for 20 hours; 6) a constant tem- was directly proportional to the time the cysts were 
perature of 16°C. Cysts incubated for 16 or more incubated at 24°C. As the test progressed, however, 


hours at 16° or 24°C were kept at those temperatures the comparative rate of larval emergence decreased 
for 2 days each week since it was inconvenient to more rapidly for cysts incubated at 24°C. With H. 
make the transfer during the weekends. Larvae were rostochiensis and H. schachtii, respectively, Bishop 
collected and counted at weekly intervals for 6 weeks (2) and Wallace (25) reported that a fluctuation of 
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temperature increased the rate of larval emergence 
from cysts. 

Sub-freezing temperature—In the field during 
winter months, cysts are frequently subjected to 
temperatures below freezing. Tests were initiated in 
the laboratory to determine the effect of subjecting 
cysts to extreme cold for various periods. Syracuse 
watch glasses, each containing a lot of 50 cysts in 
a small volume of water, were placed at —24°C for 
different periods. Four lots of cysts were removed at 
specified intervals and incubated at 24°C for 8 weeks. 
Larvae were collected and counted at weekly intervals. 

Larvae emerged from frozen cysts following trans- 
fer to 24°C. Emergence of larvae from cysts was 
reduced in direct proportion to the length of time 
the cysts remained frozen. The rate of larval emer- 
gence was relatively low during the first week and 
increased to a high during the second week. In some 
instances, the emergence of larvae remained at a 
low level. most frequently associated with prolonged 
freezing of cysts. Exposure of cysts to —24°C for as 
long as 18 months failed to eliminate larval emer- 
gence when the cysts were placed at a_ favorable 
temperature for emergence. Results are in Fig. 1-D. 

In Japan, Ichinohe (16) observed that H. glycines 
cysts exposed to —40°C for 7 months contained viable 
contents. Baunacke (1) reported that emergence of 
larvae was not diminished when cysts of H. schachtri 
were kept in an ice block at —9°C for 6 days. Work- 
ing with H. rostochiensis, Boyd (3) reported that 
emergence of larvae from dry cysts. cysts placed in 
water for only a short period, and cysts pre-soaked 
in water for 6 days, was reduced by overnight ex- 
posure to natural frost but not to exposure at —5°¢ 
in a refrigerator for 24 hours or 7 days. 

Rupture of cyst.—In the genus Heterodera, the cyst 
wall not only serves as a prote tive body for enclosed 
eggs and larvae but also constitutes a barrier to 
emergence ol the larvae. The extent to which the 
cyst wall restricts emergence was studied. Eight lots 
of 100 cysts each were selected. Four of the lots were 
placed on Baermann funnels and the remainder 
blended in a Waring Blendor for 5 minutes in sufh- 
cient water to cover the blades. This treatment 
ruptured about 90° of the cysts. with little apparent 
damage to larvae or eggs. The resultant suspension 
was separated into 4 equal aliquots and placed on 
Baermann funnels. Larvae were collected from the 
Baermann funnels and counted at weekly intervals. 
The test was repeated 3 times. 

Rupture of cysts in the Waring Blendor significant- 
ly increased the collection of larvae from the Baer- 
mann funnel. Almost 90° of the larvae from 
ruptured cysts were collected during the first 2 weeks. 
and relatively few larvae were collected after one 
month. From non-ruptured cysts, the percentage of 
larvae collected during the first 2 weeks was about 
equal to that collected subsequently, and some larvae 


were collected over a 3-month period. The relative 
number of larvae collected after 2 and 8 weeks are 
presented in Fig. 1-E. 


yt 
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Henby 


greater from H. rostochiensis cysts cut in half or from 


7) reported that larval hatch was much 


free eggs than from intact cysts. 

Rate of emergence.—An experiment was conducted 
to determine rate of larval emergence. Tests were 
conducted on randomized and replicated cyst lots in- 
cubated in Syracuse watch glasses at 24°C. Emerged 
larvae were collected and counted at weekly intervals 
until emergence was negligible. 

In general, the rate of emergence was inversely 
proportional to the length of time the cysts were in- 
cubated. Forty-three per cent of the total larvae 
emerged from cysts during the first 2 weeks of incu- 
bation. After one month 72% of the total larvae had 


emerged, and the percentage increased to 87 after 


6 weeks, After 12 weeks larval emergence from cysts 
was practically nil. The relationship of larval emer- 
gence per unit of time is summarized in Fig. 1-F. 
\ similar sigmoid hatching curve was reported by 
Winslow (28) for various species of Heterodera;: the 
rate of emergence, however, was faster. 
Light.—The presence or absence of light exerts an 
influence upon many organisms: thus, an experiment 
was conducted to determine the possible influence 
of light on the emergence of larvae from cysts. 
Randomized and replicated cyst lots in Syracuse 
watch glasses were separated into 2 groups. One 
group was exposed to constant light from two 4-watt 
fluorescent light tubes 6 in. away. The second group 
was wrapped in opaque paper to exclude light and 
placed adjacent to the first group. The temperature 


was maintained at 24°C and similar in the 2 groups. 
») 


Emerged larvae were removed and counted a 
weeks. 


Statistical analysis of the data indicated that the 


tel 


presence or absence of light did not influence emer- 
gence of larvae from the cysts. Lownsbery (19) and 
Fenwick (10) reported that light inhibited larval 
emigration from cysts of H. rostochiensis. According 
to Winslow (28), light did not influence larval eme 
gence from H, major eysts. 

feration—A study was made of the influence of 
ieration on the emergence ot larvae from cysts Ves- 
sels containing different depths of water were used 
for rough regulation of the availability of atmospheri« 
gases to the cysts. Replicate lots of cysts were incu- 
bated for 4 weeks in: a sufficient volume of water 
(5 ml) in Syracuse watch glasses to cover the cysts: 
glass 


water maintained 1% in. deep in a glass tube: a 
tube filled with water to an 8-in. depth and sealed 
As shown in Fig. 2-A, a significantly greater num- 
ber of larvae emerged from cysts incubated in the 
slight water covering than from cysts placed in wate 
maintained at greater depths. Although not included 
in Fig. 2-A, similar numbers of larvae were recorded 
from cysts incubated in water in Syracuse watch 
glasses and on Scotties tissue arranged in covered 
Petri dishes to supply water as a wick, a technique 
somewhat similar to that reported by Den Ouden (4) 
and Shepherd (21). Lack of oxygen was reported 
by Wallace (26) and Triffitt (24) to inhibit emer- 
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Fig. 2.—Larval emergence from H. glycines cysts: A) incubated under various conditions of aeration; B) air-dried 
in the laboratory. 
gence of larvae from cysts of H. schachtii and H. posing cysts to various temperatures and soybean- 


rostochiensis, respectively. Skotland (22) found no 
difference in the collected 
H. glycines cysts placed on non-aerated and artificial- 


larvae from 


number of 


ly aerated Baermann funnels 


root diffusate. 
In similar tests at room temperature, Skotland (22) 
reported that the emergence of larvae from cysts of 


H. glycines was greatly reduced by exposure to air- 


Rather than restricted aeration, Wallace (27) sug- drying for 30-71 days. The relative percentage of 
gested that products from cysts that inhibit larval larvae that emerged from cysts exposed to air drying 


emergence might accumulate in a hatching medium 
of greater depth. 


The 


larval emergence was studied 


Desiccation. effect of air drying of cysts on 


In two tests, involving 


for 365 days, however, was similar to that reported 
for the shorter period of desiccation. Epps (8) re- 
ported that H. glycines cysts and cysts mixed with 


soil and stored in bags of soybean seed lacked viable 


replicate samples of 500 cysts, and a third test of contents after one month. Cysts mixed with soil and 
12 replications of 100 cysts, cysts were placed in debris and exposed to air-drying in clay saucers 
open Petri dishes. Excess water was carefully re lacked viable contents after 2 months. Drying of soil 
moved from the Petri dishes and they were then and cyst material in the collection, purification, and 
placed in a current of forced air to hasten the elimi- storage of H. rostochiensis cysts before hatching tests 
nation of free moisture. Subsequently, the samples is an accepted practice (11). However, Lewis and 


stored at random in an incubator maintained 
between 25° and 30°C and a relative humidity between 
40 and 50%. 


ically and the cysts suspended in distilled water. The 


were 
The Petri dishes were removed period- 


80-mesh sieve and carefully 


cysts were collected on ar 


Mai (18) 
H. rostochiensis cyst contents exposed to the extreme 
relative humidities of 1.5 and 88%. Working with 
H. schachtii cysts, Wallace (25) reported that larval 
emergence was reduced by exposure of cysts to a 


reported considerable loss in viability of 


washed onto Scotties tissue on a Baermann funnel. high “saturation deficiency.” Pretreatment of cysts 
Ten and 20 days after placement of the cysts on the by exposure to a “low saturation deficiency,” how- 
Baermann funnel, larvae were collected and counted. ever, increased larval emergence. Exposure of H. 

Desiccation of cysts in open Petri dishes greatly major cysts to slight desiccation greatly reduced 
reduced the emergence of larvae. As the period of larval emergence (14, 28). Franklin (12) reported 


desiccation increased, the number of larvae collected 


decreased. Larval emergence, as represented by 


larval collections, was reduced 97% after desiccation 
of cysts for Few 
desiccation of cysts for 2 months and larvae were not 
77 days. Re- 


Microscopic ob- 


one week. larvae emerged after 


collected after desiccation of cysts for 
sults Fig. 2-B 
servations on the contents of the desiccated cysts in- 


are summarized in 


dicated that many of the eggs contained dead larvae. 
Attempts failed to stimulate larval emergence by ex- 


that larvae failed to emerge from cysts of H. punctata 
Thorne that had been dried. 

Discussion.—From the results, it is apparent that 
various environmental factors affect and regulate the 
emergence of larvae from cysts of Heterodera glycines. 
Undoubtedly these factors are also operative in na- 
ture; however, no attempt is made to relate the labora- 
tory results directly to field conditions, the 
biotic and abiotic environment is more complex. The 
results should serve as a basis for further work with 
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H. glycines as well as provide data on its behavior. 
It is apparent that similarities and differences exist 
between H. glycines and other Heterodera species in 
the influence of environmental factors on larval emer- 
gence. As pointed out by Wallace (27), the tendency 
to apply general behavior patterns of one nematode 
to another, even within the genus Heterodera, is un- 
wise.—University of Arkansas, Fayetteville. 
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SUMMARY 


Phytotoxicity of ozone to 34 plant species was 
studied in controlled-atmosphere greenhouses. Plants 
were subjected at various stages of growth to 0.13 


0.72 ppm ozone for 2-hour periods. Injury symptoms 


developed on 28 species. Some of the most sensitive 
species were small grains, alfalfa, spinach, and _ to- 
bacco. There was a general tendency for sensitivity 


Palisade cells 
were most readily injured by ozone. On plants with 
adaxial palisade parenchyma, chlorotic spots and 
bleached necrotic areas developed on the upper leaf 
surface. Injury was equally apparent from either 
leaf surface of plants with undifferentiated mesophyll. 
Necrotic spots extending completely through the leaf 


to increase with maturity of tissue. 


developed on plants with either mesophyll structure 
when injury was severe. Ozone caused conspicuous 


tumors to develop on broccoli leaves 


Symptoms sim 
ilar to those produced by ozone fumigations have been 
observed on a wide range of plant species growing 


centers 


near several large metropolitar 





Introduction.—High concentrations of ozone are 
associated with the Los Angeles type of smog, a type 
of air pollution becoming a problem in many metro 


politan areas (5). According to Scott et al (17). 


elevated atmospheric ozone concentrations arise from 
photolysis of nitrogen dioxide in the presence of 
certain free organic radicals originating from in 
complete combustion of organic materials. The pho 


tolysis is reversible, so ozone conce ntrations do not 
become high unless the free radicals are present to 
react with the nitric oxide produced. thereby pre 
venting the back reaction. Sources of oxides of ni 
trogen and partially oxidized organic materials, i.e 
automobiles and domestic and industrial furnaces. 
will undoubtedly continue to multiply with increased 


urbanization. Resultant increases 


n atmospheric 


ozone may have considerable effect on agriculture 
near metropolitan centers 


Most plant injury from smog has been attribute 


to other components of the smog complex, including 
reaction products of ozone and organic compounds 
(4, 6, 12, 13, 14), but direct injury by ozone has re 


cently been recognized as an important air pollution 


problem (3, 7, 15, 16). Progress on identifying and 
evaluating this problem has been | umpered by lack 


of information on the symptomatology of ozone injury 

The phytotoxicity of ozone was recognized as early 
as 1914, when Knight and Priestly (10) 
injury produced in the laboratory on 


Homan 9 


reported 
Brussels sprouts, 


pea, wheat, and rye. lescribed necrotic 
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speckling on leaves of bean fumigated with ozone. 
Haagen-Smit et al (6) produced injury on spinach, 
endive, and alfalfa by exposure for 5 hours to 0.20 
ppm ozone. Recently, Ledbetter, et al (11) reported 
investigations of ozone effects on a variety of plants. 

In 1954, the Stanford Research Institute (18) de- 
scribed upper-surface glazing, a symptom character- 
istic of ozone injury, on spinach and other crops in 
the Los Angeles area. In 1956, Middleton (12) re- 
ported occasional field occurrence of ozone injury 
on bean, but did not consider it of economic impor- 
tance. Ozone was first recognized as a_ phytoxicant 
of economic importance when Richards, et al (15, 
16) showed that it caused grape stipple in the San 
Bernardino Valley. In 1959, Heggestad and Middle- 
ton (7) reported investigations indicating that ozone 
was the cause of “weather fleck” of tobacco, a serious 
problem in the production of cigar-wrapper tobacco 
in the Connecticut Valley. In 1959, Daines et al (3) 
observed ozone-type injury on 12 different crops at 
various locations in New Jersey. 

The investigation reported here was conducted pri- 
marily to determine the response to ozone of 34 plant 
species. Macroscopic symptoms and _ pathological 
histology of ozone injury were studied to facilitate 
accurate diagnosis in the field. 

Materials and methods.—Ozone fumigation studies 
were conducted in 3. controlled-atmosphere  green- 
houses and in portable polyvinyl chambers over plants 
in field plantings. The facilities have been described 
in detail by Hill et al (8). One greenhouse was 
maintained as a control, and ozone treatments were 
applied in the other greenhouses at intervais of 1-2 
weeks, Ozone was generated electrostatically from 
tank oxygen. The output of the generator was in- 
jected into the inlet duct of the greenhouse or cham- 


ch fumigation was for 2 





ber air-circulation system. Ff 
hours at a constant setting of the ozone generator. 

Ozone concentrations were determined throughout 
each fumigation by drawing metered air samples 
through 2% unbuffered potassium iodide solution and 
measuring the liberated iodine titrimetrically with 
standard sodium thiosulfate as proposed by Birdsall 
et al (1). Each sample was collected over a 30-minute 
interval at 6 cu ft/hr using 2 all-glass midget im- 
pingers connected in series, each containing 20 ml 
of potassium iodide solution. 

Most of the fumigations were conducted in the 
greenhouses. Identical plantings were made in each 
greenhouse in plots of a uniform soil mixture. Other 
plants, grown in pots, were placed in the green- 
houses during certain fumigations. The portable 
chambers were used in established field plantings for 
all fumigations of grape, 1 of alfalfa, and 6 of spin- 
ach. Temperatures ranged from 66 to 91°F, and 
relative humidity from 32 to 59°, in the different 


fumigations. 
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Plants of 34 species representing 17 families were 
subjected to ozone (Table 1). Spinach was repre- 
sented by 4 varieties and corn and bean by 2 each. 
Some species were studied extensively, e.g., spinach 
was fumigated 32 times at all stages of growth up to 
the harvest stage, in greenhouse and field plantings. 
Plants of several species were fumigated only 1-3 
times, to determine if the injury followed the general 
pattern seen on other species. 

Symptom development was observed closely, and 
photographs and detailed descriptions were made of 
the macroscopic evidence of injury. Histological ef- 
fects of the ozone treatments were studied, using free- 
hand, unstained sections of fresh material. 

Results.— Sensitivity to ozone-—Table 1 shows the 
range of ozone concentrations used on plants of each 
species and the lowest concentration that caused in- 
jury. Injury symptoms were produced on 28 of the 
34 species fumigated. The results did not provide 
critical interspecific comparisons of ozone sensitivity, 
because different ozone concentration ranges were 
used, the plants were treated at different stages of 
growth, and most species were represented by a 
single variety. Some broad general differences in 


sensitivity were obvious, however. 


Table 1.—List of plants studied, showing concentration 
range of ozone treatments and lowest concentration that 
produced injury with 2-hour exposure. 


Ozone 
concentration 
Family, species, and variety (ppm) 


Gramineae 


Annual bluegrass (Poa annua L.) 0.13-0.64 (0.64) 

Orchard grass (Dactylis glomerata L.) 0.35-0.41 (0.35) 

Wheat (Triticum aestivum L.), Lemhi — 0.13-0.41(0.23) 

Oat (Avena sativa L.), Overland 0.13-0.41 (0.23) 
Barley Hordeum vulgare L.), 

Bonneville 0.13-0.41 (0.23) 
Rye (Secale cereale L.) 0.13—0.41 (0.23) 
Field corn (Zea mays L.), 

Portwalco 100 0.13-0.41 (0.25) 
Sweet corn (Zea mays | = lochief 0.13 0.41(0.25) 


Amarvllidaceae 
Onion (Allium cepa L.), 
Yellow Sweet Spanish 
Leguminosae 


0.34—0.48 ( NI) > 


Alfalfa (Medicago sativa L.), Ranger 0.13—0.48 (0.20) 
Red clover (Trifolium pratense L.) 0.35-0.41 (0.35) 
Bean (Phaseolus vulgaris L.), 
Black Valentine 0.13-0.64(0.25) 
Mexican Pinto 0.13-0.64(0.25) 


Chenopodiaceae 
Beet (Beta vulgaris L.), 


Detroit Dark Red 0.13-0.41(0.41) 
Spinach (Spinacia oleracea L.), 

Old Dominion 0.13-0.64(0.23) 

Virginia Savoy 0.13-0.64(0.23) 

Bloomsdale Long Standing 0.13--0.64.(0.23) 


Hybrid 7 0.13-0.64(0.23) 
Cruciferae 
Broccoli (Brassica oleracea botrytis L.), 
Italian Green Sprouting 
Turnip (Brassica rapa L.), 
Purple-Top White Globe 
Radish (Raphanus sativus L.), 


Sparkler, White Tip 


0.25-0.41 (0.25) 
0.35--0.41 (0.35) 


0.35-0.41 (0.35) 
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Table 1.—(Con’t.) 


Ozone 
concentration" 
Family, species, and variety (ppm) 


Umbelliferae 
Parsnip (Pastinaca sativa L.), 


White Model 0.35-0.41 (0.35) 
Carrot (Daucus carota L.), Imperator 0.35-0.41 (0 35) 
Parsley (Petroselinum hortense Hoftm.), 

Moss Curled 0.13-0.41 (0.28 


Solanaceae 
Tomato (Lycopersicon esculentum Mill.),. 


V. R. Moscow 0.13—0.41 (0.25) 
Tobacco (Nicotiana tabacum L.), 

Variety “Ce 0.16-0.48 (0.24) 
Petunia (Petunia hybrida Vilm.), 

Rose Charm 0.34-0.48 (0.34) 


Cucurbitaceae 
Cucumber (Cucumis sativus L.), 
Marketer 
Malvaceae 
Cotton (Gossypium hirsutum L.), 
Upland 1517 
Compositae 
Lettuce (Lactuca sativa L.), Romaine 
Endive (Cichorium endivia L.), 
Green Curled 
Chrysanthemum (Chrysanthemum sp.) 


0.13-0.41( NI)» 


0.35-0.41 (NI) 


0.35-0.41 (NI) 


0.35-0.41 (0.35) 
0.41(0.41) 

Rosaceae 

Peach (Prunus persica L.), Elberta 0.13-0.41 (0.28) 
Vitaceac 

Grape (Vitis vinifera L.), Mission 0.34-0.72 (0.34) 
Begoniaceae 

Begonia (Begonia sp.) 0.41(0.41) 
Geraniaceae 


0.34—-0.48 (0.41) 


Geranium (Geranium sp.) 


Labiatae 

Coleus (Coleus blumei L.) O0.41(NT)> 
Onagraceae 

Fuchsia (Fuchsia sp.) 0.41(0.41) 
Balsaminaceae 

Impatiens (/mpatiens sp.) 0.41 (NI) 


‘Range of fumigations and (in parentheses) lowest con 
centration that produced injury. 

> NI means “no injury.” 

Fleck susceptible variety from the Connecticut Valley, 
obtained from H. E. Heggestad, Beltsville, Maryland. 

In Table 2, the plants are divided into 3 ozone 
sensitivity classes. The plants in the sensitive class 
include those injured at ozone concentrations of less 
than 0.30 ppm and some not fumigated at less than 
0.30 ppm that developed such severe symptoms at 
slightly higher concentrations their sensitivity was 
evident. Plants in the intermediate class were not 
appreciably injured unless the concentration ex- 
ceeded 0.30 ppm. Those in the resistant class were 
not injured by less than 0.40 ppm ozone, and some 
were not injured at all. Five ornamental species were 
not classified. The single fumigation given them was 
inadequate for evaluation of their sensitivity. 

Wide differences in sensitivity to ozone were found 
between different species within the same _ family, 
e.g., spinach and beet, but no intervarietal differences 
were noted with spinach, corn, or bean. 

There was a definite relationship between maturity 
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Table 2.—Sensitivity of plants to injury by ozone. 
SENSITIVE 

Spinach (Spinacea oleracea L) 

Tobacco (Nicotiana tabacum L.) 

Alfalfa (Medicago sativa | 

Wheat (Triticum aestivum I 

Oat (Avena sativa L.) 

Barley (Hordeum vulgare | 

Rye (Secale cereale L.) 

Orchard grass (Dactylis glomerata L.) 

Red clover (Trifolium pratense L.) 

Radish (Raphanus sativus | 

Bean (Phaseolus vulgaris | ) 

Corn (Zea mays L.) 


Tomato (Lycopersicen esculentum Mill.) 
Broccoli (Brassica ol racea Ootrytis | ) 
Parsley (Petrose linum hortense Hoffm ) 


INTERMEDIATE 
Grape (Vitis vinifera L.) 
Turnip (Brassica rapa L.) 
Parsnip (Pastinaca sativa L. 
Carrot (Daucus carota L.) 
Petunia (Petunia hybrida Vil 
Endive (Cichorium endiva 1 
Peach (Prunus persica L.) 

RESISTANT 
Beet (Beta vulgaris L. 
Geranium (Geranium sp.) 
Annual bluegrass (Poa annua | 
Onion (Allium cepa | 
Cucumber (Cucumis sativus | 
Cotton (Gossypium hirsutum | 
Lettuce (Lactuca sativa L.) 


of tissue and its sensitivity to ozone. The mature 
leaves were generally most severely injured, and the 
youngest leaves showing injury were injured at the 


tip end. Injury of pinnately compound leaves was 
most severe on the tip leaflet. 
There were indications that environmental factors 
and the succulence of plants affect response to ozone, 
but these factors were not evaluated. 
Symptomatology.—1) General.—Symptoms of ozone 
injury varied among different plant species, but cer- 
tain general characteristics applied to most plants 
studied. The injury was 


numerous discrete lesions scattered over all or a large 


generally characterized by 


portion of the leaf. Depending on plant species and 
injury severity, the lesions ranged from small super- 
ficial spots to large necrotic areas 

For convenience of discussion, ozone-injury lesions 


may be classified into 3 general types: chlorotic mot- 


tling, necrotic bleaching of the upper leaf surface. 
and _bifacial 
through the leaf. 


usually less than 1 mm in diameter, but frequently 


necrotic spots that extend completely 


The primary chlorotic lesions were 


developed in dense concentrations and merged into 
large, mottled, chlorotic spots. On 
axial palisade 
largely confined to the upper surface, but were usual- 
ly visible from the 
light. Considerable 
the lower surface on thin leaves. 
lesions developed on either surface of leaves with un- 
differentiated mesophyll, but 
pletely through the leaf. 


leaves with ad- 


parenchyma, chlorotic lesions were 


undersurface by transmitted 


chlorosis extended through to 


Superficial chlorotic 
extended 


usually com- 
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Necrotic bleaching of the upper surface was a 
common symptom on leaves of plants with well-de. 
lesions 


veloped adaxial palisade parenchyma. The 


ranged from a few cells in the center of a chlorotic 
spot to general bleaching of a large area of the leaf 
surface. Stippling or flecking of the upper surface 
with numerous small spots of this type was common 
on several plant species. Upper-surface necrosis was 
usually light tan, but dark 
cumulated in the stipples on some species. On plants 
with undifferentiated mesophyll, injury that was se- 


white or pigments ac- 


vere enough to cause obvious cell necrosis usually 
produced lesions that extended completely through 
the leaf. 

The bifacial 


than 1 mm in 


necrotic spots were generally more 
diameter, and sometimes the entire 
leaf was killed. Necrosis frequently extended through 
the leaf in a small area of a larger spot of upper- 
Color of the necrotic spots ranged 
from ivory to light brown, depending on plant spe- 


surface necrosis. 


cies. 

Large veins were unaffected by ozone unless injury 
was very severe, and the largest veins usually re- 
mained green even after most of the leaf tissue had 
collapsed. Lesions frequently concentrated along the 
sides of veins, however. Chlorosis and mild necrotic 
bleaching of the upper leaf surface often developed 
directly over small veinlets, forming a reticu!ate pat- 
tern. 

2) Pathological histology —Palisade cells were much 
more prone to ozone injury than other tissues. Visible 
cellular changes accompanying chlorotic mottling and 
necrotic bleaching of the upper leaf surface occurred 
When 2-3 palisade layers 
were present, the outermost was usually, but not in- 
variably, the first to show injury. On leaves without 


mainly in palisade cells. 


palisade cells, the outer spongy mesophyll cells were 
most readily affected. 

The only apparent changes with chlorotic symptoms 
were disrupted chloroplasts and reduced chlorophyll 
content of affected With 
breakdown of the chloroplasts was accompanied by 


cells. necrotic bleaching, 
plasmolysis of the protoplast, but plasmodesmatal con- 
nections were apparently retained (Fig. 1). Brown 
pigments sometimes accumulated in affected cells of 
bean prior to collapse, forming dark stipples (Fig. 2). 
Cell wall collapse followed breakdown of the proto- 
plast, but connection was retained to the cell immedi- 
ately above or below (Fig. 3). Collapse of the cells 


left large intercellular spaces, which probably gave 


COLOR PLATE 


—_ 


Fig. 7.—A) Typical ozone injury symptoms on spinach. 
B) Chlorosis and necrotic bleaching of upper surface of 
C) Chlorosis and necrotic bleaching of upper 
surface of parsnip leaf. D) Close-up of lesions on bean 
leaf. E) A range of symptoms on alfalfa. F) Ozone in- 
jury symptoms on, left to right, corn, wheat, barley, and oat. 
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Fig. 1—6.—Camera lucida drawings of sections of leaves injured by fumigation with 0.28-0.41 ppm ozone. 1) Injured 
spinach palisade tissue (p) with collapsing protoplast (cpr) and disintegrating chloroplasts (dc) in injured cells. More 
severe injury is shown in cells below stoma (s). Normal chloroplasts \c) are shown in uninjured cells. 2) Bean leaf 
with necrotic palisade tissue (np) containing pigments. In the underlying mesophyll (m) a few cells are necrotic (nm) 
Epidermis (e) has remained normal over affected area. 3) Cross section of spinach leaf showing collapsed palisade tissue 
(cp) overlain by collapsed epidermal tissue. Normal epidermis (e), palisade (p), and spongy mesophyll (m) cells, druse 
(d), and a section of vascular strand (v) are also shown. 4) Wheat leaf section showing necrotic mesophyll (nm) pri- 
marily near small vascular bundles. 5) Endive leaf section showing collapse of outer layers of mesophyll (cm) with cen- 
tral mesophyll (m) remaining normal. Early collapse of protoplast (cpr) precedes collapse of cell walls. 6) Broccoli 
leaf section showing small tumor with hypertrophied spongy mesophyll cells (hm) which have crushed some of lower 
mesophyll cells (cm) against the still normal epidermis, Surrounding mesophyl!! cells (m) appear normal. 
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the affected tissue its white appearance. Small upper- 
surface flecks or stipples were produced by collapse 


of islands of 1 to several cells (Fig. 1, 2). E pidermal 
tissue, including the stomatal guard cells, overlying in- 
jured palisade cells generally remained normal unless 


a large area of palisade tissue was killed. The under- 
lying spongy mesophyll also remained normal in most 


When 


areas were bleached, injury extended progressively into 


species when ozone injury was mild large 


the spongy mesophy ll. 


Cells throughout the affected area appeared to col- 
lapse simultaneously to form the bifacial necrotic 
lesions. The adaxial and abaxial surfaces were drawn 
close together by the desiccating mesophyll, forming 
a thin, papery lesion. Vascular tissues were rather re- 
sistant to ozone injury, but when injury was severe, vas- 
cular tissue was killed and the necrotic areas included 


many small veins 


which lack well-defined 
mesophyll adjacent to the 


On plants of the Gramineae, 
palisade tissue, the outer 
vascular bundle sheath was most readily injured (Fig 


4). Cells overlying small vascular strands without 
bundle sheath extensions appeared to be especially 
sensitive to ozone. Superficial lesions on endive, which 


also lacks palisade cells. affected the outer mesophyll 


cells at either leaf surface i ) 
Microscopic examination of tumefaction that de- 
veloped on broccoli leave S showe d that swelling began 


in spongy mesophyll cells immediately below the pali- 


sade layer (Fig. 6) Subsequently lower spongy meso- 
phyll cells enlarged, and palisade cells were occasion- 
ally involved. No 


Hypertrophy of the central meso 


evidence of hyperplasia was seen. 
phyll cells adjacent to 


observed rT 


necrotic 


tissue was croscopl ally on to- 
mato, but was not visible macroscopically. This type 
of response was observed on broccoli and to- 


mato. 
3) Vegetable 


crops i) Spinach 


The complete 


range of symptoms, from mild chlorotic mottling of 
the upper surface to necrotic collapse of most of the 
leaf, was produced on spinach (Fig. 7-A). Frequently. 


all of the different symptoms developed on the same 
leaf. 


appearance of the upper leaf surface, 


The first evidence of ozone injury. a shiny. oily 


developed Ww ith- 


in ] 2 hours ot beginning ot exposure to injurious 
concentrations of ozone. After the ozone treatment was 
discontinued, many areas lost their oily appearance 


and returned to normal. Where permanent injury oc- 


curred, the leaf assumed a dull gray-green appearance. 
The tissue then appeared water-soaked in areas where 


the injury extended completely through the leaf, o1 


bleached, giving chlorotic or necrotic lesions on the 
upper surface. Chlorosis generally formed a punctate 


pattern on the upper surface of the leaf. Two vari- 
ations of the necrotic bleaching of the upper surface 


The dull 


with affected areas collapsing to form slight depres- 


were observed. more common was white, 


sions. Less frequently, the surface had a glazed, 


pearly appearance and the injury 
with collapse of the 
area. days, the 


shallow 
affected 
lesions fre- 


was very 
little or no 


After 


apparent 
weathering a few 
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quently turned yellow or light tan. Unless the injury 


was severe enough to kill a large area, any bifacial 
necrotic spots that developed were usually scattered 
randomly over much of the leaf. Lesions usually were 
formed near the center of an interveinal area, and a 
band of tissue bordering the large veins often re- 
mained unaffected. 

b) Beet. 


once, at the highest concentration used on this species 


Ozone injury was produced on beet only 


(0.41 ppm). The symptoms were very similar to those 
of mild injury on spinach: chlorotic stippling and 
mild necrotic flecking of the upper surface of the 
leaf. 


a reticulate pattern by following small veins. 


There was a tendency for the lesions to form 
\ccu- 
mulation of anthocyanins in some parts of the affected 
tissue gave the lesions a mottled red and tan color. 
and 
Chlo- 
rosis and necrotic bleaching were uniform over large 


ce) Radish and turnip—Symptoms on radish 


turnip (Fig. 8-C) resembled those on spinach. 
areas of the upper surface of the leaf, extending close 
to the green. Ne- 
crosis extending through the leaf was more localized 


veins, most of which remained 


than on spinach, frequently concentrating in a_par- 
ticular area. Injury was generally most severe toward 
the leaf tip, but was sometimes concentrated along 
the midrib. Occasionally, a localized area of injury 
occurred at the apex of a bend in the leaf. 


d) Broccoli.—Mild first 


appeared as light green chlorosis of the upper leaf 


ozone injury to broccoli 


surface along the small veins. The chlorosis gradu- 


ally extended over the interveinal areas and was in- 
terspersed with necrotic bleaching. giving the upper 
surface of the leaf a mottled, yellow-green to white 


(Fig. 7-B). Bifacial (Fig. 8-A) 


occurred in localized areas as on radish and turnip, 


cast necrotic spots 


often concentrating along the midrib. In early stages 
of this type of injury, the upper surface of affected 
areas became lighter green and slightly depressed, but 
collapse was most pronounced on the underside of 
the leaf. The spots bleached to a light tan to buff. 
Hypertrophy of tissues on the underside of the 
leaf beneath upper-surface chlorotic or necrotic areas 
Initi- 


ally, small irregular depressions appeared on the low- 


appeared to be a specific symptom on broccoli. 
er surface. Four to five days later, tumefaction be- 
came apparent in these areas, and swelling continued 
for several days, forming glandular protuberances up 
to about 1 mm in height. Individual protuberances 
were somewhat hemispherical, but frequently merged 
to form irregular shapes (Fig. 8-B). A similar but 
much milder condition sometimes developed on the 
surface at the 
bleached areas. Hypertrophy sometimes developed on 


the underside of the leaf around the edges of bifacial 


upper margins of chlorotic and 


necrotic spots, but this rarely occurred when the 
necrosis extended close to large veins. 
The 


ozone injury to parsnip was a rather uniform chlo- 


e) Parsnip. most characteristic feature of 
rotic to necrotic speckling of the upper leaf surface 
(Fig. 7-C). 
the leaf. Upper-surface spots were sometimes centered 


Some necrotic spots penetrated through 
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on small veinlets that remained green. The necrotic 
tissue was usually white to buff, but scattered dark 
brown spots were frequent. 

f) Parsley —Symptoms on parsley differed from 
those on most other plants in that there was greater 
tendency for development of chlorotic interveinal 
spots visible from the underside of the leaf. The light 
yellow-green chlorosis contrasted sharply with ad- 
joining normal green areas, giving the leaf a varie- 
gated appearance. Injury was most severe near the 
tips of leaf lobes where white to buff necrotic spots 
2-3 mm in diameter were common. 

g) Carrot.—Symptoms on carrot were very similar 
to those on parsley except the lesions often developed 
at the leaf margins (Fig. 8-D). Upper-surface lesions 
were interveinal and were usually apparent from the 
undersurface. Bifacial necrotic spots were tan and 
membranous. 

h) Tomato. 
the upper surface of tomato leaves with mild ozone 


More severe injury resulted in general chlo- 


Fine, chlorotic stippling developed on 


injury. 
rosis of much of the leaf and areas of necrotic bleach- 
ing on the upper surface. Bifacial necrotic spots also 
developed, and scattered buff to 
brown spots were the only evidence of injury. When 


sometimes a few 


necrotic spots were numerous, they frequently con- 
centrated along the leaflet midrib. 

i) Bean.—In general, the expression of ozone injury 
was the same on both tested, but 
they sometimes responded differently to a particular 
The typical symptom. which developed 


varieties of bean 
fumigation. 
1-2 days after fumigation, was necrotic flecking of 
the upper leaf surface (Fig. 7-D, 8-E). Usually. the 
flecks were light yellow-green to white, but affected 


Along 


large veins there was usually a narrow band without 


cells sometimes filled with red-brown pigments. 


markings. No lesions were produced that extended 
through to the undersurface of the leaf. 
j) Endive—Since endive has no palisade cells, 


ozone did not affect the upper surface preferentially. 
Symptoms first appeared as small, water-soaked spots. 
on either side of the leaf or extending through it. 
Within 2-3 days, the spots became light tan. Necrosis 
was usually most prevalent along the sides of majo 
veins, especially the midrib. 

4) Field crops.—a) Alfalfa and red clover.—With- 
in a few hours of fumigation, injured areas of alfalfa 
became dull. 
all 3 types (Fig. 7-E). The chlorosis was light yellow- 
green and, in mild cases, tended to concentrate along 
When severe, the chlorosis extended over most 


leaves gray-green. Symvtoms were of 


veins. 
of the interveinal tissue and was very apparent from 
leaf. Frequently, numerous 
green tissue were scattered 


the undersurface of the 
small islands of normal 


throughout the chlorotic areas. These green spots 
were up to 1 mm in diameter. fairly circular, and 


sharply defined. Necrotic bleaching of the uprer leaf 
It occasionally oc- 


surface was silver-gray to tan. 
curred in small spots but usually spread over a fairly 
large area, affecting several adjacent interveinal areas. 
Bifacial necrotic spots usually concentrated along the 
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midrib or secondary veins. Large necrotic areas 
formed at various locations, including the tip, mar- 
gins, and base of the leaf. Occasionally an entire 
leaf was killed. 

Symptoms on red clover were similar to those on 
alfalfa, but leaves had greater tendency to collapse 
completely. Necrotic tissue on red clover was light 
red-brown, compared to light tan on alfalfa. 

b) Small grains and grasses—Symptoms were sim- 
ilar on barley, oat, rye, wheat, orchard grass, and an- 
nual bluegrass (Fig. 7-F). The mildest symptom was 
fine chlorotic stippling between the large veins. When 
injury was more severe, chlorotic interveinal streaks 
from 


apparently merging of numerous 


Since these species lack clearly-de- 


developed, 
smaller lesions. 
fined palisade cells, mild superficial lesions developed 
on either leaf surface, but moderate to severe lesions 
extended completely through the leaf. 

Nerrotic lesions appeared as light tan to ivory streaks 
or oblong spots, extending lengthwise on the leaf and 
often affecting the smallest veins. Necrosis was fre- 
quently concentrated in a particular area, such as 
at the apex of a bend in a leaf, where it sometimes 
extended almost across the leaf except for the largest 
veins. On seedlings. necrotic areas were frequently 
most prevalent at the margins and tip of the leaf. 
Oval broad streaks of necrosis, extending 
across the secondary veins, formed at the leaf margins 


spots or 


and tips of annual bluegrass. 
c) Corn.—Symptoms of ozone injury on corn were 
streaks (Fig. 7-F). 
evident only along the margins and at the ends of the 
streaks. Injury first after 
fumigation as dull gray-green water-soaked areas. 


d } Tobacco. 


mostly necrotic Chlorosis was 


appeared a few hours 
Symptoms of mild ozone injury on 
tobacco were light gray to tan flecks on the upper 
leaf (Fig. 8-F). These 
shaped flecks frequently formed a reticulate pattern 
examina- 


surface of the irregularly 


by following the small veinlets. On close 
tion, the flecks appeared as small, sunken necrotic 
The incon- 
spicuous flecks appeared to be only chlorotic. With 
bifacial These 
spots were generally concentrated along the sides of 


areas bordered by chlorotic tissue. most 


severe injury, necrotic spots formed. 


the midrib and large secondary veins. 


5) Fruit crops.—a) Grape—Symptoms on grape 
were similar to those on bean in which dark pig- 
ment accumulated in the affected palisade cells. 


Brown to black lesions about 1 mm in diameter were 
randomly scattered over the leaf but rarely transected 
any veins. With exposure to severe ozone treatment, 
large areas of the leaf collapsed and became necrotic. 


b ) Peac h. 


along veins was the only symptom produced on peach. 


A mild chlorotic upper-surface mottling 


6; Ornamental plants——Ozone injury symptoms 
were produced on petunia, chrysanthemum, fuchsia, 
Symptoms on petunia were 


mild, dull 


bleaching along leaf veins. Chrysanthemum developed 


begonia, and geranium. 


very consisting of white upper-surface 


light tan, necrotic speckling of the upper leaf sur- 
face similar to that on parsnip. Symptoms on fuchsia 
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were similar to those that may be produced by other 
causes. so difficulty might be encountered in diag- 
nosing limited occurrences of ozone injury. 

Histological effects of ozone contrasted sharply to 
those reported for ozone-hydrocarbon products. Pali- 
sade cells were most readily injured by ozone, where- 
as Bobrov (2) 
primarily affected the spongy mesophyll cells lining 
substomatal chambers. Since greater injury of pali- 
sade cells cannot be attributed to accessibility to the 
atmosphere, cells apparently exhibit differential sensi- 
tivity to ozone. 

A high sensitivity of many plants to ozone was ap- 
parent from classification of 15 of the 34 species 
studied as ‘ 
tions of the magnitude that injured these plants are 
urban 


showed that ozonated hydrocarbons 


‘sensitive.’ Atmospheric ozone concentra- 


not uncommon near large centers (6, 7). 
Symptoms indistinguishable from those produced by 
ozone fumigation have been observed by the authors 
near several large United States cities on a number 
of plants, including spinach, radish, parsley, bean, 
endive, alfalfa, red small 
orchard grass, grape, and several weeds and orna- 
mental species. 
over a large geographical area, and typical Los An- 
geles smog-type ‘ 


clover, tobacco. grains, 


Injury was sometimes distributed 


‘oxidant” injury, glazing or silvering 
of the undersurface of leaves, was usually found on 
sensitive species throughout the same area. 

Although no differences in sensitivity to ozone were 
apparent among the varieties of corn, bean, or spin- 
ach studied, Heggestad and Middleton (7) reported 
differences in sensitivity of tobacco varieties, and Led- 
better et al (11) found varietal differences in tobacco 
and bean. Richards et al (15, 16) observed varietal 
differences in ozone injury severity on grape. Sensi- 
tivity to ozone may eventuaily influence the selection 
of crops for growth in certain areas. especially if the 
crop value is appreciably affected by appearance of 
the leaves—Agricultural Division, Geneva Works, 
Columbia-Geneva Steel Division, United States Steel 
Corporation, Provo, Utah. 
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SUMMARY 


The numbers of Pratylenchus penetrans in the root 
systems of Wando peas grown in greenhouse and con- 
trolled-environment chambers determined after 
treatments affecting the dry weight of the pea plant. 
The ability of this nematode to reproduce was related 
to the physiological status of the plant it attacks. 
Treatments that reduced plant dry weight moderately 
favorable light and temperature, excision of 
plant parts, and limitation of nutrient supply) also re- 
sulted in significantly greater P. penetrans numbers 
than on check plants. Treatments that reduced plant 
dry weight more severely reduced nematode numbers. 
Removal of pods increased root system size and re- 
duced P. penetrans numbers per root system. The 
increased nematode numbers from the treatments indi 
cated intimate interaction among these parasites, their 
hosts, and the environment 


were 


{ less 





Introduction.—The concept that the physiological 
is able to affect the ability 
of its nematode parasites to reproduce has been ap- 
with 


condition of a host plant 


preciated by most people working nematodes. 
Nevertheless, more evidence is needed to support and 
expand this concept. Unfortunately, effects of environ- 
mental changes on plant-parasitic nematode popula- 
tions have often been published with little or no men- 
tion of how the host plant differed with changes in 
treatment. 

This study was made to develop methods for quan- 
titative study of Pratylenchus spp. under greenhouse 
conditions, and to determine how treatments affecting 
the physiological status (as indicated by dry weight) 
of a suitable host plant affect the nematode numbers 
within the root system 

Review of Literature.—Certain concepts of the re- 
lations between nematodes and the plants they attack 
have received much emphasis and experimental sup- 
port in the literature. These include: 1) a distinction 


between a plant’s suitability as a host for a given 


nematode parasite and its susceptibility to disease 


caused by the same nematode’s activities as a patho- 
gen, 2) a realization that the factors responsible for 
a plant’s low host suitability and/or high disease re- 


sistance are not the same for every plant-nematode 


combination, and 3) 
health of the root system of 


recognition that the size and 
a suitable host could set 


nematodes it could 


an upper limit on the number o 
support. 

Along with this there have been ample indications 
that the nematode-plant relationships are even more 
mentioned below 


complex. Selected examples are 


Irregular results with soybean varieties considered 
resistant to Meloidogyne spp. led Taylor (17) to sug. 
gest that root-knot resistance varies with ecological 
conditions. Reproduction (11) and development (12) 
of M. incognita attacking lima bean roots were ac- 
clerated by increasing the concentration of potassium 
supplied to the plants. In contrast, Bird (1) found M. 
javanica developed faster in 
deficient in nitrogen, magnesium, iron, or potassium, 
than on plants grown in full nutrient solution. Popu- 
lations of P. penetrans on sour cherries were signifi- 


roots of tomato plants 


cantly lowered after high potassium application (10) 

Spring-sown alfalfa that tended to fail as a crop 
and had poor roots had about 1000 times the number 
of Pratylenchus spp. per gram of root as a fall-planted 
crop that developed into excellent stands (2). Praty- 
lenchus spp. had no marked effect on growth of alfalfa 
and red clover in the greenhouse until after the second 
cutting (to 2 in. shoot growth) if given high initial 
nematode populations, and after additional cuttings 
if given lower inoculum numbers (3). 

MV. incognita developed from eggs to adult females 
in 17 days on tomato plants inoculated at 65 and 75 
days old, and in 40 days on plants inoculated at 35 
days old (13). Collins and Hagan (5) noted that in 
pineapple plants attacked by Meloidogyne spp., short 
roots generally have heavier nematode infestation than 
long roots. 

Studies with Anguina agrostis (6), Aphelenchoides 
oryzae (8), and Ditylenchus spp. (7) have also illus- 
trated close associations of the life cycles of nema- 
todes with the growth cycles of host plants. 
Methods.—Wando_ variety 
(Pisum sativum L.) 
of steamed soil (1:1 sand-loam, pH 6.5) in 8-in. pots 


Materials and garden 


peas were planted in 3-in. pots 
of the same soil. This pea variety is advertised as 
havir 


g heat tolerance, growing well in greenhouse 
and growth-chamber environments. Roots of 

plants remained permeate through the soil in the 8-in. 
pots until harvest, and were easy to separate from the 
soil ball. This contrast 
which rapidly became “pot-bound” in 8-in. pots, and 


these 


was in to tomato plants, 
were poor greenhouse hosts for the nematodes studied. 
The pea seeds were disinfested with calcium hypo- 
chlorite solution (10 g/140 cc filtered, and 
filtrate used immediately) for 40 minutes before plant- 
ing. This tended to restrict root which 
otherwise interfered with effective root incubation. 
When the pea roots approached a pot-bound condi- 
tion within the 3-in. pots (about 2 weeks after plant- 
ing), inoculation procedures were started. Roots of 
orchard grass (Dactylis glomerata L.) obtained from 
an infested sour cherry orchard served as the inoculum 
source. After these roots were washed in cold tap 
water and picked free of debris they contained a popu- 
lation of Pratylenchus spp. essentially free of other 


water, 


nodulation, 
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nematode genera. Nearly all the nematodes keyed to 
species (15) characterized as P. penetrans 
(Cobb). Tail shape in this population was quite 
variable, however, and a few specimens had annulated 


were 


tail tips. 

The 3-in. pots with the pea plants were removed 
from the 8-in. pots, leaving a cup-like depression in 
the soil. This cavity was then lined with a sample 
of chopped orchard grass roots. The 3-in. pot was then 
removed from its soil ball and the soil with the pea 
plant placed into the soil cavity in the 8-in. pot. Rep- 
resentative samples of the inoculum source were taken 
and incubated for characterization of the inoculum 
numbers. 

To allow time for the development of at least one 
new generation of nematodes, the experiments were 
not terminated until at least 5 weeks after inoculation. 
At harvest, the pea roots were removed from the soil, 
washed in cold tap water, and placed in 20 cc of tap 
water in Petri dishes for incubation at 24°C. The 
entire root system was incubated, as variation was 
high among unbiased samples from a given root sys- 
tem. In cases where the fresh weight of the roots ex- 
ceeded 2 g, more than one incubation dish was used. 
Under these conditions, nearly all the emerged nema- 
todes were highly active. 

Counts were made until nematode emergence from 
the incubated roots approached a maximum value 
(usually 3 counts). After each count the roots were 
reincubated with fresh tap Examination of 
the roots after staining with acid fuchsin in lacto- 
phenol revealed that eggs and nematodes remaining in 
the roots numbered less than 1% of the value obtained 


water. 


for maximum emergence. 

Soil samples (250 cc) were processed by modifica- 
tions of the methods of Christie and Perry (4) or 
Seinhorst (14). 

Shoots and roots after incubation 
40°C to constant weight. 
weight of any materials removed during a given ex- 
periment. 

Defoliation (Fig. 1 and 6).—TIn the first defoliation 
experiment (Fig. 1) half of the pea plants were de- 
foliated 3 days after receiving an inoculum averaging 
580 nematodes per plant. Defoliation involved re- 
moval of leaves, but not the leafy stipules of the pea 
plants, and was continued until harvest, 8 weeks after 
inoculation. Each value in Fig. 1 represents the mean 
of 6 replications. 

In the second defoliation experiment (Fig. 6), de- 
foliation was started 2 and 21 days after inoculation 
with an inoculum averaging 90 nematodes per plant 
and was continued until harvest, 6 weeks after inocu- 
lation. The values for the plants defoliated from 2 
days represent means for 7 plants; the other values 
represent 8 plants each. 

Nutrition (Fig. 2).—Half of 24 pea plants growing 
in 1:1 fine-coarse sand and watered with tap water 
received Hoagland’s full nutrient solution (9). Har- 


were dried at 
Shoot dry weights include 


vest was 5 weeks after inoculation with an average of 
4600 nematodes per plant. 
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Fig. 1.—Effect of defoliation and Pratylenchus penetrans 


on the dry weight of Wando pea plants, and of defoliation 
on numbers of P. penetrans in pea root systems. 


Controlled temperature and light intensity (Fig. 3). 

After receiving inoculum averaging 120 nematodes 
per plant, 9 pea plants each were placed under con- 
tinuous light at the intensities shown. Temperature 
was 77+4°F at the higher intensity, and 77+2°F at 
the lower intensity. Harvest was 5 weeks after inocu- 
lation. 

Pod removal ( Fig. 4). 
24 of 48 pea plants 4 weeks after inoculation with an 
average of 130 nematodes per plant. Pod removal 


was continued until harvest, 8 weeks after inoculation. 


Pods were removed from 


Stem scalding (Fig. 5).—Peas were scalded at the 
bases of their stems 4 days after receiving an inocu- 
lum averaging 1100 nematodes per plant. The scalded 
stems and the stems of the checks were supported 
with aluminum-foil strips (44 in. wide) around the 
stem bases. In Fig. 5 the values for checks represent 
the means of 12 plants, those for scalded stems rep- 
resent 9 plants. Harvest was 6 weeks after treatment. 

Results.—Under the 
penetrans resulted in little or no change in the growth 
of Wando peas (Fig. 1), whether the plants were 


weakened or not. 


experimental conditions P. 


root system were higher 
from 


Nematode numbers per 
from plants weakened by defoliation (Fig. 1), 
plants grown in quartz sand lacking supplemental 
(Fig. 2), from plants displaying reduced 
growth (as measured by dry being 
grown under light of lower intensity (Fig. 3). Nema- 
tode numbers per root system were lower from plants 
with root growth improved by removal of pods (Fig. 4). 


nutrients 


weight) from 


severely restricting root 
roots of 


treatments 
nematode 


In contrast, 
growth reduced numbers. The 
plants with stems that had been scalded had less than 
half as many nematodes as check plants (Fig. 5). 
Nematode numbers declined as pea plants became 
senescent. Plants 12 weeks old and with 9/10 of their 
shoots necrotic had half as many P. penetrans per 
root system as plants 9 weeks old (3/10 necrotic). 

The results of these experiments are best sum- 
marized by Fig. 6. When plant growth was severely 
restricted by early defoliation, nematode numbers 
were half those of the check plants. When restriction 
defoliation was later, 
twice as many nematodes were found per root system. 


was only moderate because 
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on numbers of Pratylenchus penetrans in root systems and dry weight of 


Wando peas. 2) Addition of nutrient solution to peas grown in sand culture. 3) Controlled temperature and light rela- 


tionships. 4) Pod removal. 5) Stem scalding. 

The results were analyzed with nonparametric meth- 
ods as outlined by Snedecor (16). Statistical signifi- 
cance (at least 5% 
in nematode numbers presented in Fig. 2, 3, 4, 

No meaningful information was obtained from the 


level) was obtained for differences 


and 5. 
soil samples processed, the nematode counts being 
very low (often only 
variable. 

The pea roots were able to grow away from the 
nematode inocula at the tops of the pots. In one ex- 


1 or 2 nematodes) and highly 


periment roots from the top halves of the pots had 

over 40 times as many 

bottom halves. 
Discussion.—I nadequate 


nematodes as roots from the 


growth limit 
nematode populations within roots. Nematode popula- 
tions were not maximum with best plant growth, how- 


root can 


ever. Conditions that restricted plant growth moder- 
ately apparently caused “predisposition” of the pea 
plants for nematode reproduction, 

The number of nematodes in each root system re- 
sults from a net summation of the number entered, 
their survival, their progeny, and that have 
left the roots. Because of the relatively short term of 
these experiments and the relatively good condition 
of the pea roots at their termination (except after 
scalding) it is likely that migration of nematodes 
from the roots was slight. Actual proof would require 
a more exact experimental system. 

Assuming that the effects were caused by differences 
in nematode there are at least two 
different approaches to explaining increased nematode 
where plant growth was somewhat 


those 


reproduction, 


numbers less 
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Fig. 6.—Effect of defoliation on numbers of Pratylenchus 


penetrans in root systems and dry weight of Wando peas, 


vigorous. One would involve postulation of maximum 
net synthesis of materials favorable to nematode de- 
velopment and reproduction and/or minimum net syn- 
thesis of inhibitory materials under conditions of slight- 
ly reduced plant growth. Bird (1) favored a concept 
of stimulation over one of inhibition. The other would 
suggest that the plant and the nematode compete for 
nutrients, the plant under conditions of maximum 
growth being able to utilize these materials to the 
detriment of the nematodes. Either explanation at 
best serves as a hypothesis for additional experimental 
work, 

The treatments imposed on the plants undoubtedly 
caused changes in the patterns of metabolic prod- 
ucts within the plant tissues, and some of these are 
likely to be correlated with changes in nematode 
numbers. The important task, however, is to discover 
the meaningful changes, those that determine plant 
host suitability for the nematode parasites and/or sus- 
ceptibility to nematode pathogens. Such studies will 
require skill, care, and imagination, and an apprecia- 
tion of the continual interaction of nematode, host 
and/or suscept plant, and their environment.—De- 
partment of Botany, Cornell University, Ithaca, New 


York. 
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SUMMARY 


The slower development of bacterial spot with age 
of tomato leaf was correlated with a decrease in total 


and soluble nitrogen in the leaf tissue. A shift in 
the balance of amino acids was also probably im- 
portant in determining pathogenesis. A difference in 


amino acid balance was also evident between plants 
grown at the optimum temperature for disease de- 
velopment and plants grown at suboptimum alternat- 
ing warm-day, cool-night Disease de- 
velopment was markedly change in 
nutrients supplied the host only when the 
value of the nutrient was raised by increasing the 
levels of KCl, NaCl, or NaNO.. Decrease in 
index was correlated, in with 
reduced growth of the host, high osmotic value of the 
nutrient, lower level of Ca, and a higher level of K 
or Na in the tissue. 


temperatures, 
retarded by 


osmotk 


disease 


closely these cases. 





We reported earlier (5 that the development of 


bacterial spot in tomato leaves, incited by Xantho- 
monas vesicatoria (Doidge) Dowson, was influenced 
by 3 distinct factors: age of leaf at inoculation, ait 
temperature, and nutrition of the host. We also 


showed (6) that the pathogen on culture medium is 
incapable of using inorganic salts as a source of nitro- 


gen. Moreover, the luxuriant growth supported by 


casein hydrolysate was not secured when any one 


of 17 amino acids was used alone or in various combi- 


nations with others, where all used in 
about the 
Amino acid balance was highly important to maximum 
growth. 


this study in which was considered the composition 


except were 


same proportions as in the hydrolysate. 


Herein are the results of a continuation of 
of leaf tissue produced under the various conditions 
known to be favorable or unfavorable to the patho- 
genic development of the pathogen 

Methods and Materials.— 


was the test plant. Seedlings were raised in vermicu- 


Tomato var. Bonny Best 


lite until the first true leaf developed. For studies on 
temperature and age of leaf they were then selected 
for uniformity and transplanted to compost soil in 
4-in. clay pots. 
transplanted to quartz sand in glazed porcelain crocks 


For nutrition studies seedlings were 


provided with a drainage hole covered on the inside 
with Pyrex glass wool. 
to the sand at intervals of 5 
stated otherwise, plants were grown at 26 + 2°C under 
12-hour day length. Daylight was supplemented by 
200-W incandescent lamps. 

The isolate was that described previously (5, 6). 
Inoculum was a 48-hour culture grown on potato-dex- 
and 


The nutrients were applied 


days. Except where 


trose agar, washed into sterile distilled water, 


diluted to give about 75% 


transmission of light as 
measured on a Lumetron colorimeter at 620 mu with a 
red filter. Except in age-of-leaf experiments, plants 
were inoculated in the 6-leaf stage by spraying the 
bacterial suspension onto the lower surface of the 
leaflets. No moist chamber was used. Degree of dis- 
ease on a scale of 1-4 has been described (5). 

In preparing leaf tissue for analysis, leaflets from 
selected leaves were cut at the base, quickly weighed, 
wrapped in cheesecloth, and frozen in liquid air. The 
samples were transferred to dry ice and stored at 
—25°C for 


ol samples were carried out according to Rohringer 


uture use, “reeze-c rving ant extrat ion 
fut I iryins l tract 


et al (8). Samples were prepared and analyzed for 
amino acids and organic acids by 2-dimensional 


chromatography as described by Rohringer et al (8). 
Samples were prepared for analysis of free amino 
acids on a Beckman amino acid analyzer according to 
Stein and Moore (9). Total nitrogen was determined 
by the Kjeldahl method (3). Soluble N was deter- 
the method described by Umbreit et al 
(11). Analysis for polyphenols was by the method of 
Uritani and Muramatsu (12). For determination of 
inorganic elements, tissue was dried 48 hours at 80°C, 
10-mesh 


spectrophotometer 


mined by 


and ground in a Wiley mill with a screen; 


analyses were made with a flame 


by H. H. Hull, Soils Department, University of Wis- 
consin, 

Results.—A ge of leaf—Table 1 gives total N, solu- 
ble N, and polyphenols in leaves from plants grown 


in July. Samples were taken from the fifth and sixth 
leaves (numbered from the base of the plant) of in- 
oculated and uninoculated plants at 6, 9, and 13 days 
after inoculation. Uninoculated leaves were thus pass- 
ing from extreme susceptibility to moderate resistance, 
whereas inoculated leaves were passing from an early 
to a late stage of disease development. There was little 
difference between inoculated and uninoculated leaves 
in total and soluble N at each sampling. At 9 and 
13 days, phenol content was distinctly higher in in- 
fected than in corresponding healthy leaves. In both 
healthy and infected leaves total and soluble N de- 
creased consistently with age of leaf, while phenols 
increased consistently. 


Table 1.—Nitrogen and polyphenol content of healthy 
(H) tomato leaves and those infected (I) with bacterial 
spot at 3 stages of growth and disease development, July, 
1958. 
Days after Total N@ Soluble N# 


Polyphenols® 


inoculation H I H I H I 
6 5.02 4.94 42 «41 .169 .146 
9 4.68 4.42 .39 Al .362 691 
.622 875 


13 3.29 3.26 2 6 6l 


@ Values are percentages of dry weight of tissue. 
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Table 2.—Relation of nitrogen and polyphenol content of healthy (H) tomato leaves and those infected (I) with bac- 
terial spot at 3 stages of growth and disease development, May, 1959. 


Total 
Days after Upper or 
inoculation lower leaves H 
Upper 5.54 
0 Lower 3.7 
[ pper 5.54 
6 Lower 3.89 
{ pper 3. 18 
9 Lower 5.07 
Upper 4.20 
15 Lower 3.18 
® Values are percentages of dry weight of tissue. 
A similar experiment was run in early May. 


Samples of older lower leaves (6—l10th from the base) 
and younger upper leaves (14-18th from the base) 
were taken from healthy and from inoculated plants 
at time of inoculation and 6, 9, and 15 days after 
inoculation. 
this series (Table 2) than in the first experiment, and 
there was little 
healthy leaves and 
different ages. 
leaves at 9 days) 


The phenol content was much lower in 


difference between infected and 


between samples of leaves of 
There was with one exception (lower 
a decrease in total and soluble N 
in lower (more resistant) leaves below that in uppet 
(more susceptible) leaves, There was a_ general 
trend of reduction in total and soluble N 
of sampling. 

The samples taken at 


after were analyzed for free amino acids, amides, and 


with time 


inoculation and 15 days 


ammonia on a Beckman amino acid analyzer. Lysine. 
tyrosine, hydroxylysine, leucine, methionine, and histi- 
dine were not detected or occurred in relatively small 
The amounts of the other compounds in 
Ammonia and 


amounts. 
a single run are recorded in Table 3. 
glutamic acid in healthy leaves were but little less 
than in infected upper and lower leaves 15 days after 
inoculation. The same was true for proline in upper 
but not lower leaves. Glutamine was distinctly great- 


er in infected upper and lower leaves than in com- 


Relative amounts of free amino acids, amides, 


Table 3. 


Na Soluble N® Polyphenols® 
I H I H I 
3 O17 
Al O12 
5.13 9 23 .012 O15 
3.43 30 24 .007 .008 
5.54 00 50 .008 013 
4.05 40 B.S .012 .010 
4.20 35 27 015 015 
3.18 RD 25 .010 01] 


parable healthy leaves. With all other amino com- 
pounds amounts were lower in infected than in 
healthy leaves. This indicated that the organism 


used most of the amino compounds in different de- 


grees during pathogenesis. With most compounds 
there was a decrease in amount in healthy leaves dur- 
ing the 15-day aging period, but there was little or no 


reduction of glutamic acid, aspartic acid, and phenyl- 


alanine in upper leaves. Proline increased during 
the 15-day period in upper and lower leaves, It 
seems probable that the reduction in total soluble 


nitrogen with aging of leaves shown in Table 2 may 


been due to lowering of the amounts of some 


amino compounds and not of others. This would lead to 


have 


a change in balance of these compounds in the tissue 
of the effect of 


growth of the organism 


available to the pathogen. In view 


balance of amino acids on 
n vitro (6), it is suggested that the increase in re- 
with 
available 


sistance of leaf tissue aging may be due not 


nitrogenous com- 


only to a decrease in 


pounds but also, in part at least, to the proportion 


of such compounds to one another in the host sub- 
strate. 

Influence of temperature.—It has been shown (5) 
that a continuous 24°C was most favorable for di- 


sease development, and 16° was least favorable. With 


a day temperature of 28° and a night temperature of 


ind ammonia in upper and lower healthy tomato leaves at time 


of inoculation and in comparable healthy leaves and those infected with the bac terial spot organism 15 days after inoculation" 


Upper leaves 


15 days after ino 


I ower! leaves 


15 days after inoc, 


Healthy 


Compound At inoc. 

Ammonia 2.250 2.060 
Glutamic acid 1.204 1.266 
Aspartic acid 640 .600 
Phenylalanine 092 .096 
Proline 121 .240 
Glutamine .706 411 
Alanine 867 .423 
Serine 110 .297 
Glycine 355 .267 
Valine 097 075 
Isoleucine 052 042 





8 Values are in micromoles per 100 mg of dry tissue. 


Infected At ino Healthy Infected 
2.580 2.640 2.100 2.100 
1.030 1.002 .924 1.009 

495 882 404 390 
062 082 .060 .039 
272 172 .183 133 
500 A477 .220 263 
55 .678 .264 .208 
268 589 356 id 
247 445 .202 .188 
066 075 061 .036 
035 .053 .026 022 
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Table 4.—Relative amounts of certain amino compounds 
in healthy tomato leaves and in comparable leaves affected 
with bacterial spot from plants incubated at 24°C continu 
ously and from those kept at 28° day and 16° night. 


Intensity and/or size of spot in® 


Healthy leaves at Infected leaves at 


Amino acid 24 28-16 24 28-16 
Glutamine 2 l l ] 
Leucine/isoleucine l 0.5 l 0.5 
Valine l 0 ] 0.5 
Alanine 2 l 2 l 
Lysine 0.5 0 0.5 0 
y-aminobutyric acid 3.5 | 2 
Serine l 1.5 3 l 
Cystine 0.5 0.5 0.5 l 
Aspartic acid 1 | 3 4.5 
Glutamic acid 1 1.5 2 ] 
Phenylalanine 0.5 0.5 0.5 0.5 


® Values are averages of indices from 2 chromatograms 


Values for individual spots ranged from 0, for no color, to 
6, for very intensely colored and/or large spot on the paper 


16°, however, the disease index was as low as that 
from a continuous 16°. Leaf tissues were compared 
from plants continuously at 24° and plants at 28-16 
day-night. Leaves were collected from each group 


from infected and from healthy 
inoculation. 


plants 9 days after 
Since the Beckman amino acid analyzer 
was not available the tissues were analyzed for amino 
acids by paper chromatography. Analysis for organic 
acids was also made by paper chromatography. Citric 
acid was lowest in both healthy 
of 28-16° plants, whereas wit! 
was true. The 
given in Table 4. 
partic acid and glutamic acid in healthy leaves of the 


2 temperature 


and infected leaves 
malic acid the reverse 


results with amino compounds are 


There was little difference in as- 


treatments, but they were distinctly 


8 


higher in infected leaves of 28-16° plants where dis- 


ease progress was slow when with in- 


fected leaves at 24°. 
cine, valine, alanine, lysine, and 
the amount in healthy and in infected leaves of 28-16 


compared 
In the cases of leucine/isoleu- 
y-aminobutyric acid 
plants was about one-half of that in 24° plants. These 
results suggest that changes in the balance of amino 
compounds as well as organic acids during the in- 


cubation period at different temperatures after in 


Table 5. 


spot. 

Osmotic value Ave. wt. (g) of Disease 
Nutrient of nutrient healthy plants index® 
Basal» l 5 79 
High OVe 5.7 14 4 
High N4@ 5.7 1] 25 
High Ke 2.4 28 54 

a? = no signs of disease: 100 severe disease. 
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oculation may have an influence on growth of the 
pathogen and consequent disease development al- 
though the changes in amino compounds were not 
always of the same order as in the age-of-leaf experi- 
ments. 

Influence of nutrition—It was shown (5) that dis- 
ease development was severe on the young leaves of 
plants growing in quartz sand supplied with basal 
Hoagland’s solution containing 200 ppm N, 31 ppm 
P, 230 ppm K, and having an osmotic value (OV) of 
1 atmosphere There significant 
changes in disease index with variation in concentra- 
tion of these elements in the balanced solution, or in 
solutions in which N, P, or K was increased, except 
when the osmotic value of the solution concerned was 
at a relatively high level. Thus reductions in disease 
index were significant only in plants grown on one or 
the other of the following 3 nutrient solutions: 1) a bal- 
anced high OV solution in which OV was raised to 
5.7 atm by addition of NaCl; 2) a high-N solution, 
in which N was increased to 1600 ppm and OV to 
5.7 atm by the addition of NaNOs; 3) a high-K so- 
lution, in which K was increased to 1600 ppm and OV 
to 2.4 atm by the addition of KCl. Plants were grown 
in each of these 3 solutions and in basal Hoagland’s 
solution to the 5-6-leaf stage. At this time 6 plants of 
each treatment were inoculated. 


(atm). were no 


Fourteen days later 
the disease indices were recorded and fresh weights 
of tops of 2 healthy plants from each treatment were 
determined. From 12 or more plants of each treat- 
ment the fifth and sixth 
prepared for analysis. 
Table 5 shows that disease index was highest in 
basal, intermediate in high-K, and lowest in high-OV 
and high-N plants. 


leaves were collected and 


There were correlations between 
value of nutrient solutions, 
and plant growth. There was little or no difference 
between total and nitrogen. 
When tissue was analyzed for amino acids by paper 


disease index, osmotic 


treatments in soluble 
chromatography there were no differences between 
treatments in aspartic acid, glutamic acid, pheny]l- 
alanine, leucine, and There 
was little difference in glycine and in serine. Ala- 


glutamine, threonine. 
nine and y-aminobutyric acid were highest in plants 


grown in basal and high-K solutions. Valine was de- 


Relation of nutrient supplied the host to tomato leaf composition and to degree of development of bacterial 


Per cent of dry wt. of element indicated 


Total Sol. 
N P K Na Ca 
1.9 36 All 3.8 0.4 4.2 
5.1 Be .20 3.9 4.5 2.9 
4.9 AO 19 3.9 3.4 y > 
1.7 44 A3 9.4 0.3 1.7 


b 200 ppm N, 230 ppm K, 31 ppm P, 200 ppm Ca, A-Z solution 1 ml/L. 


¢ Similar to > except for increase in osmotic value with NaCl. 
to 1600 ppm N with NaNO 


4 Similar to © except for increase 
e Similar to > except for increase to 1600 ppm K with KC] 


gg CCC a 
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tected only in high-N and high-OV plants, whereas 
proline occurred in all but the basal-solution plants. 
It appears that relative amounts of N were not re- 
sponsible for the wide differences in disease indices 
of plants grown in the basal and the 3 high-osmotic- 
value solutions. 

When the relative levels of P, K, N, and Ca in 
plants submitted to the 4 treatments are examined, 
only Ca is consistently lower in the plants grown in the 
respective high-osmotic-value solutions than in those in 
the basal solution. This is expected since it has been 
observed commonly that high levels of K and/or Na 
ions in the nutrient or soil solution interfere with ab- 
sorption of Ca ions. It is also to be noted that plants 
grown in high-K solution were high in K, whereas 
high-N and high-OV plants, where excesses of NaNO, 
or NaCl were used in the nutrients, showed high levels 
of Na. The extremely low disease indices in plants 
in these treatments were correlated with high levels 
of K or Na in the tissue, with lower Ca levels, and 
with reduced growth of the plant, and not with any 
measurable change in nitrogen metabolism. 

Discussion.—Nitrogen and polyphenol content of 
plants have been correlated with susceptibility or 
resistance to certain diseases. Van Gundy and Walk- 
er (13) reported that high amino nitrogen in the 
leaves of cucumber favored the development of angu- 
lar leaf spot. 
wheat, incited by Typhula incarnata Fr., Tomiyama 
(10) found that older, more susceptible leaves con- 
tained less protein and greater amounts of ammonia 


In a study of snow blight disease of 


nitrogen than younger, more resistant leaves. In a 
study of blast of rice incited by Piricularia oryzae 
Cav. and leaf spot of rice incited by Helminthospor- 
ium oryzae Breda de Haan, Wakimoto and Yoshii 
(14) reported greater polyphenol content of the 
plant, especially in the leaves, as the plants grew. 
and in infected as compared with healthy leaves. 
with leaf 
and insoluble N, in reducing sugars, and in soluble 
carbohydrates, and an increase in the insoluble carbo- 
hydrates (1). 


Leaves spot showed reduction in soluble 


In the present study young tomato leaves contained 
greater percentages of total and soluble N than old 
leaves, and the decrease in N was correlated with 
decrease in severity of disease. The decrease in total 
N may have been due to an increase in the activity 
of proteolytic enzymes, and this might have been en- 
hanced by infection. The reduction of soluble nitro- 
gen in old leaves, healthy or infected, may have been 
due to translocation to younger leaves, in consequence 
of which the degree of disease development in older 
leaves was reduced. The increase in amount of free 
ammonia in the upper leaves 15 days after inoculation 
suggests increased activity of deaminases. Similar 
increase in ammonia was reported in oak leaves in- 
fected with Microsphaera alphitoides Griff. & Maubl. 
(4), and in tomato crown gall incited by Agrobac- 
terium tumefaciens (E. F. Sm. & Towns.) Conn. (7). 
Decrease in the quantity of some amino acids and an 
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increase in some others with leaf maturity may be 
due to transamination reactions leading eventually to 
amino acids to one 


changes in the proportion of 


another. 

The lower phenolic content of leaves in the spring 
than in the midsummer experiment, and the little 
old, resistant 
indicate that 
phenols were not necessarily related to resistance. On 


difference in the former case between 


leaves and young, susceptible ones, 
the other hand, since the balance of amino acids was 
shown to be important in determining growth of the 
pathogen in vitro (6), it appears that the shift in 
relative amounts of amino acids in old as compared 
with young leaves might be responsible in part for 
the change in the relative resistance of old tissue. 
The influence of temperature on the development 
of bacterial spot of tomato appears related to rela- 
tive quantities of the amino acids in the leaf tissue. 
An increase in malic acid under low night-tempera- 
ture conditions suggests that carbohydrate metabolism 
is also affected. Preliminary work on sugars by paper 
chromatography indicated no significant changes in 
healthy and infected samples. In winter-grown plants 
little detectable. Van 
and Walker (13) reported a higher content of solu- 


very free sugar was Gundy 


ble carbohydrates in young leaves than in old leaves 


of cucumber, and fluctuations in carbohydrate con- 
tent at any time of the day were not sufficient to in- 
hibit angular leaf 


{ Pseudomonas lac hr ymans ( E. F. 


growth of the spot organism 
Sm. & Bryan) 
Carsner) as evidenced by its requirements in culture. 
With the more conspicuous changes noted in the ni- 
trogenous constituents of the plants grown under 
various conditions, and because of the importance of 
synthesis rather than in 


carbohydrates in protein 


proteolysis, extensive investigation of the carbohy- 


drates was not undertaken in this study. 

A high level of K in the nutrient resulted in ac- 
cumulation of potassium, but high N supply had no 
significant effect on nitrogen accumulation (Table 5). 
Headley et al (2), working with wheat seedlings, re- 
ported that sand had less absorptive capacity for Na 
salts than soil and that the green weight of plants 
in sand ~ of that of plants grown in loam 
Also, only 15% of applied NaCl was absorbed 
by the loam soil, as compared with 77% of NasCOs, 
85% of NaHCOs, and 53% of NaoSO,4. This suggests 
that the large reduction in growth of high N plants and 
of plants grown on a balanced solution of high osmotic 


was 62% 


soil. 


value might have been due in part to the properties of 
the sand used to grow the plants and partly to the type 
of sodium salts used. It should be emphasized that 
the tomato plant shows selective absorption of ele- 
that low Ca 
conditions is more than likely due to the antagonism 
of K ions to Ca ions. 


ments and under abnormal nutritional 


A much more extensive analysis of leaf tissue is 
necessary to determine all the factors that may influ- 
ence rate of disease development. The data presented 
indicate that changes in the proportions of amino 








acids and amides are important in influencing patho- 


genesis by the bacterial spot organism. 
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SUMMARY 


Sixteen plant species were tested as hosts for 5 
virus isolates from dahlias with leaves that showed 
ringspots. Two isolates caused ringspots on dahlia 
seedlings; the others caused non-distinctive symptoms 
Thermal inactivation points ranged from 40° to 90°¢ 
dilution end points from 1:10 to 1:1200; resistance 
to aging in vitro from 8 to 480 hours; and resistance 
to aging in drying leaves from 48 to 720 hours 
Two of the isolates were considered to be strains of 
tomato spotted wilt virus, while the other isolates 
were not identified with known viruses. One of the 


unknowns caused ringspots on dahlia leaves. 





Standard varieties of Dahlia pinnata Cav. generally 


carry viruses, a situation probably associated with 
continuous vegetative propagation Several viruses 
are involved, but with the exception of mosaic (2) 
and ringspot caused by tomato spotted wilt virus 
(TSWV), little is known about these diseases. Vi- 


ruses other than TSW\ 
dahlia (7). Therefore, 
showing typical ringspots were selected and studied to 
determine their relationships 


also may cause ringspots in 


5 virus isolates from plants 


Viruses or strains were 


rswv; 


one of these caused ringspot while another did not. 


soon found which apparently are related to 


Other isolates, including one which caused ringspot. 
appeared not to be to TSWV. of the 
data included herein were published as an abstract 


related Some 


(5). 


Dahlia 
ringspots in the field were brought 


Materials and methods. plants showing 


into the 
Such 


dahlias in 


green- 


house and grown as virus material, 


collected fields of Michi- 


gan, served as the original source of all viruses ex- 


sources, 


in commercial 


cept isolate 1, which was supplied in dahlia leaves 
by Dr. R. D. Raabe of the University of California, 
Berkeley. Plants showing mosaic or other virus-like 


symptoms were avoided. 
Transfers were made from dahlia to D. stramonium 
var. tatula L., 


globosa L., 


Vigna sinensis Endl., or Gomphrena 
using Yarwood’s (8) leaf disk 
Single lesions were then removed, after the method 
of Jensen (3), buffer and Carborundum dust 
added, and the mixture was ground on a glass slide 
with a glass spatula. 


method. 
were 


This preparation was used as 
inoculum, and the procedure was repeated 4 times 
in succession. Isolates thus obtained were kept in 
The 


from dahlia obviously contained 


stock plants and were used in all experiments. 
original transfers 
mixtures of viruses, because host ranges and symp- 
toms were changed after making the series of single 
lesion transfers (4) (Fig. 1, A and B). 
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Fig. 1.—Symptoms caused by dahlia virus isolates. A) Symptoms on Gomphrena caused by isolate 2 after single 
Left, non-inoculated Gomphrena plant; right, symptoms lesion transfers. C) Symptoms on field-grown dahlia leaves 
caused by isolate 2 before using single lesion transfers. B) which were the source of isolate 3. 
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Datura and Gomphrena gave countable lesions and 
were properties. Five 
plants were inoculated with each sample to compen- 
sate for variations in host plant resistance. Leaves 
just short of full expansion were dusted with Carbo- 
rundum and rubbed with a glass spatula or 


used to determine physical 


index 
finger which was previously dipped in infectious sap. 
For thermal inactivation tests, 0.5 ml sap was placed 
in thin-walled glass tubes, and after 10 minutes at 
the desired temperature, the tubes were cooled quickly 
and sap was immediately rubbed on test plants. 
Results.—Symptoms on dahlias—Isolate 1 was ob- 
tained from dahlia leaves with necrotic rings, about 
1 cm in diameter, around a These 
symptoms apparently those de- 


green center. 


were the same as 
scribed by Smith (6) and Brierley (2). Symptoms 
on dahlia variety Betty Zane, source of isolate 2, were 
occasional target spots 6-8 mm in diameter, irregula1 
dark green islands and yellow chlorotic spots. 
and petioles were distorted and some vein banding 
was evident. The variety Sherwood’s Peach, source of 
isolate 3 (Fig. 1C), had symptoms similar to those 
of isolate 1. The variety Nicky K, 
had indistinct 
diameter. 


stems 


source of isolate 5, 
reddish target spots 4 to 5 mm in 
Isolate 6 came from the growing tip of a 
Petunia hybrida Vilm. 


temic vein clearing after inoculation with isolate 5. 


plant which developed sys- 
Isolate 5 usually caused local lesions in petunia. 
After making the series of single lesion transfers, 
Unwin dahlia seedlings were inoculated with all 5 
isolates. Isolate 1 caused indistinct yellow spots 2-3 
mm in diameter on the rubbed leaves in 6 to 11 days. 
Later, some spots became necrotic 
veloped target Necroti 
stems and lower leaves and many plants were killed. 
Isolate 2 caused yellow or dark 
casionally followed by necrotic areas; 
ringspots. 
leaf tips and margins became necrotic and yellow 
mottled areas developed in the leaves. All 
killed. Isolate 3 caused yellow 
spots 2-3 mm in diameter 10 to 15 days after inocu- 
lation. Target rings usually around the 
spots. Later, hieroglyphic-like lines developed around 
the targets or veins, and ringspots appeared on new 
leaves. Isolate 
a tendency to form wide single rings (not targets). 
Occasionally, dark These 
were followed by large brown necrotic or chlorotic 
areas. Later, petioles became necrotic, and leaves 
died. Isolate 6 light 
spots 2-3 mm in diameté on the inoculated leaves, 
followed by an indistinct dark green mottle. Leaves 


while others de- 


rings. ireas appeared on 


green mottle, oc- 
there were no 


Later, petioles and stems were distorted, 


lower 
leaves were finally 


developed 


5 caused pale leaf spots which had 


green areas were seen. 


caused non-distinctive green 


turned yellow, making spots very conspicuous. Later, 
small scattered 
leaves; these spots enlarged and coalesced, and leaves 


necrotic spots appeared on young 
died. After a time no further symptoms were formed 
on new growth, and infected plants became normal 
in appearance. 

Only isolates 1 and 3 caused ringspots similar to 


those on the source plants. Change in symptom pat- 
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tern after single lesion transfers is evidence that 
mixtures of viruses were present in the source plants. 

Some factors affecting transmission—Sap inocu- 
lations from dahlia to dahlia and from dahlia to 
other plants were unsuccessful but transmission by 
Yarwood’s (8) leaf disk method was effective and 
reliable. transfer was made to other 
than dahlia, inoculations to determine host range and 
physical properties were made by expressed sap. In- 
fected leaf tissue was ground in a phosphate buffer 
solution containing a small amount of 400 mesh 
Carborundum. A 0.05 M buffer solution was optimum 
for maximum numbers of lesions. 


Once hosts 


The optimum pH 
was found to vary somewhat from isolate to isolate, 
but pH 8.5 was uniformly favorable. 

Datura gave the best countable lesions for iso- 
lates 1, 3, 5, and 6, while Gomphrena was most suit- 
able for isolate 2. These plants were used as_ both 
donor and acceptor hosts in assays. First symptoms 
appeared 3 to 5 days after inoculation. Inocula- 
tions were uniformly successful when plants 
soft and succulent, well fertilized, grown at a mini- 
mum night temperature of 22°C, and under reduced 
light intensity. Hard, slow-growing plants often failed 
to show symptoms. 


were 


When infected leaf tissue was ground with distilled 
water rather than with buffer, isolates 2 and 6 were 
highly infectious, isolate 5 was rarely infectious and 
isolates 1 and 3 lost infectivity completely. 

Host plants 
to be tested were usually inoculated in groups of 5; 
several groups were then inoculated over a period of 
several days or weeks. Plants of 16 species belonging 
to 8 families were used (Table 1), and potential 
hosts were tested many times if symptoms did not 
appear. The viruses were transferred from all plants 
which developed symptoms back to the original host 
for comparison. Usually symptomless plants 
not examined for the presence of latent viruses. Dif- 
ferences in host ranges of the 5 isolates soon be- 
(Table 1). 
tom types indicated that isolates 1 and 5 were similar, 
but not identical. Other isolates differed from each 
other and from isolates 1 and 5, suggesting that they 
may be different viruses rather than strains of one 
virus. However, the host range differences may be 
misleading, since they are based only on visual symp- 
toms. Isolate 6 clearly differed from the others 
(Table 1). 

Physical properties—Sap was prepared for thermal 
inactivation tests in two ways. Isolates 1, 3, and 5 
were prepared by grinding 1 g infected leaf tissue 
with 4 ml potassium phosphate buffer solution (.05 M, 
pH 8.5) in a mortar. Isolates 2 and 6 were prepared 
by freezing tissue and then extracting sap; liquid 
thus collected was used without further dilution. 
Isolate 3 was inactivated at a lower temperature (40- 
42°C) than were the other isolates. Isolate 6 differed 
markedly from the others, requiring 96°C 
vation (Table 2). 


range.—In host range experiments, 


were 


come apparent Host ranges and symp- 


for inacti- 
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Table 1.—Hosts of dahlia viruses after purification by single lesion transfers. 


Host plants 


Calendula officinalis var. Ball Gold 
Capsicum frutescens 

Chenopodium amaranticolor 

Cucumis sativus var. National Pickling 
Dahlia pinnata (Seedlings) 

Datura stramonium var. taiula 
Gomphrena globosa 

Lycopersicon esculentum var. Bonny Best 
Nicotiana glutinosa 

N. tabacum var. Havana-38 

Petunia hybrida var. Minstrel 
Phytolacca americana 

Sinningia speciosa 

Verbescina encelioides 

Vigna sinensis var. Black Hog 

Zinnia elegans var. Brightness 
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Isolate no. 


] 2 3 5 6 
2/208 5/15 0/25 5/15 0/25 
13/15 3/36 7/18 18/18 0/25 
0/25 16/16» 0/25 0/25 0/25 
0/29 0/20 0/25 2/28" 25/25¢ 
31/65 18/75 36/125 7/25 10/90 

100/100 1/16 70/100 100/100 100/1004 
$/15 100/100 7/15 9/15 15/15 
18/30 0/42 12/25 15/20 0/65 
8/17» 3/26 0/20 5/11» 10/10» 
6/20! 9/17 0/25 10/15 15/15 
22/25! 6/14 2/20 15/15» 6/12 
0/26 16/16» 0/25 0/25 0/25 
6/17% 14/15 0/33 0/25 0/25 
0/25 1/25 0/25 1/25 0/25 
8/28» 28/29 2/18» 7/17» 0/20 
0/26 2/15 0/25 7/15 5/25 


Number of plants with symptoms/number of plants inoculated. 


bSystemic symptoms were absent, There was 
¢Symptomless carrier. 
4 Infection was restricted to local lesions. 


Isolates 1, 3, and 5 were prepared for dilution ex- 
periments by grinding 1 g infected leaf tissue in 9 
ml 0.05 M potassium phosphate buffer solution (pH 
8.5). This preparation was considered a 1:10 dilu- 
tion and further dilutions were made with buffer so- 
lution. Isolates 2 and 6 were usually prepared by the 
method described for thermal inactivation, using 
distilled water for further dilutions. Isolate 3 was 
infective at a 1:10 dilution, but not at a 1:20 dilu- 
tion. Isolate 6 was the most tolerant to dilution, be- 
ing infective at 1:1200 but not at 1:1400. Other 
isolates fell between these extremes (Table 2). Iso- 
lates 3 and 6 therefore differed from each other and 
from the other isolates. 

Sap was prepared as described for thermal inacti- 
vation for aging in vitro determinations. Sap samples 
were held in test tubes at 22°C and were removed at 
intervals and rubbed on test plants. Aging in vitro 
data (Table 2) indicate differences in some of the 
isolates. Isolates 1, 3, and 5 were equally unstable, 
being infectious at 6 to 8 hours but not after 12 to 
16 hours. Isolate 2 was somewhat more stable, while 
isolate 6 remained in crude sap much longer than the 
other isolates and was still active at 480 hours. The 
data for isolate 2 were not strictly comparable to the 
data for other isolates, because Gomphrena was the 
donor plant for isolate 2, and Datura was used for 
other isolates. 

The ability of the viruses to remain active in dry 
leaves was tested by placing 1 g samples of infected 
leaves between paper towels. At intervals, a sample 
was removed, ground in buffer, and rubbed on 5 test 
plants. Results again indicated differences between 
the isolates. The most stable isolate was 6, which was 
infectious at 720 hours. Isolates 1 and 5 were in- 
fectious at 96 hours but not at 120 hours, while iso- 
lates 2 and 3 were infectious at 48 hours but not at 72 
hours. The relationship held in 4 experiments 


no attempt to recover the virus from symptomless parts. 


. ‘ = 
When infected leaf tissue was frozen, thawed, and 


assayed for infectivity, only isolates 2 and 6 remained 
active. Repeated trials produced an occasional in- 


fected plant with isolate 5, but isolates 1 and 3 were 
always non-infectious after freezing. To determine 
ability of isolates to survive quick drying and storage, 
infected leaf strips were dried at 0-4°C under partial 
vacuum in desiccators containing calcium chloride. 
Leaf pieces were then pulverized and placed in small 
vials under the same conditions. Samples were re- 
moved at intervals and assayed for infectivity. Iso- 
lates 2, 5, and 6 were infectious after 30 days at low 
temperatures, but isolate 3 lost infectivity. An oc- 
casional assay plant inoculated with isolate 1 devel- 
oped symptoms after 30 days storage at low tempera- 


ture. 


Table 2.—Thermal inactivation, dilution effects, and ag- 
ing in vitro effects on infectivity of dahlia virus isolates. 
Each value was determined from 4 sets of experiments, 
using 5 plants per isolate per category in each experiment. 


Thermal Dilution Aging 
inactivation end point¢ end point 

Isolate® ig (reciprocals) (hrs.) 

l 16/48> 100/1504 6/8® 

2 18/50 200/300 32/40 

3 10/42 10/20 8/12 

5 16/48 200/250 8/12 

6 90/96 


1200/1400 480/600 


* J). stramonium was used for isolates 1, 3, 5, and 6; G. 
globosa was used for isolate 2. 

b Infectious after 10 min. exposure to 46°C, but not in- 
fectious after 10 min. at 48°C. 

€Diluent was 0.05 M (pH 8.5) potassium phosphate 
buffer. Isolate 2 was also diluted with distilled water, 
whereby dilution end point was 60/64. 

4[nfectious when diluted 1:100, but not infectious at 
1:150 dilution. 

€Sap was infectious 6 hours after extraction, but not 
infectious at 8 hours. 
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[he relationship of isolate 6 to 


the other isolates was examined by 


Cross-protection. 
cross-p! otect ion 


experiments. Five test plants were inoculated with 
each isolate. Later, leaves showing strong systemi 
symptoms were inoculated with isolate 6. In every 


case Datura and Gomphrena infected with isolates 


1, 2, 3, and 5 were not protected against later infec- 


tion by isolate 6. These results indicate that isolate 
6 is not related to the other isolates. The experiment 
was repeated with the same results 
Discussion.—Physical property and host range 
data show that several viruses were included in the 
5 isolates. Thus isolate 6 clearly differed from all 


others. Isolates 1 and 5 were similar to each othe 


in spite of minor differences in symptom expression 


on several hosts. T he data for solates 2 and 3 are 
less clear-cut; apparently they differ from each 
other and from the other isolates in physical properties, 


hosts, and in types of sympto1 caused. 


Of primary concern was the comparison of the iso- 
lates with viruses previously described in the litera- 
ture. The most obvious of these is tomato spotted wilt 
virus (TSWV) (1), 


spot on dahlias. Isolates 
but they differed somewhat fron 


which Ss Kknewn to cause ring- 


l ind > caused ringspots, 


TSWV in other re- 


spects (4,5). The characteristic bronzing of tomato 
caused by TSWV was not seen on tomatoes infected 
with any of the isolates. TSWV in N. glutinosa is 
systemic and usually kills the plant; isolate 1 caused 


only local lesions, while isolate 3 had no visible effect. 
Isolates 1 and 3 did not visibly affect zinnia, but this 
TSWV. 


virus is seldom sys- 


plant is easily infected with Petunia is a 
good host for TSWY. but the 


temic; the plant was difficult to inoculate with isolate 


3, but systemic invasion was the rule. Host ranges 
and properties show that isolate 1 is more like 
TSWV (1) than is isolate 3. Isolate 5 apparently is 


related to isolate 1, the most important difference be 


ing that it caused mottle rather than ringspot in 
dahlia seedlings. Thus in spite of minor differences, 
isolates 1 and 5 are considered to be strains of TSWV. 
Isolate 6 clearly differs from TSWV in host ranges 
and physical properties, and isolates 2 and 3 probably 
differ also. 

Host ranges, symptomatology, and physical proper- 
ties seem to exclude the possibility that any of the 
isolates were tobacco streak, tomato ringspot, cucum- 
ber mosaic, dahlia mosaic, or potato viruses A or Y 
(7). In Brierley’s original work with dahlia ringspot 
(2) the causal virus was not transmitted mechanical. 
ly, and no properties were given. However, since iso- 
late 3 caused ringspot but apparently differed from 
TSWV and other known viruses, Brierley’s designa- 
tion should be retained. 
Plant 


Lansing. 


Department of Botany and 


Pathology, Michigan State University, East 
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. 
SUMMARY 


Twelve inbred lines of dent corn were tested by 
artificial inoculation for reaction to Diplodia stalk 
rot. Sugar analyses and determinations of pith den- 
sity were made of stalk samples at intervals during 
the growing season from uninoculated plants of the 
inbreds. A numerical system was devised 
for expressing trends in sugar content during the 
observation period. Increases in sucrose, reducing 
sugar, and total sugar, and high pith density were 


scoring 


associated with resistance to stalk rot. It is theo- 
rized that a decrease in the sugar level of the stalk 
causes senescense of pith tissue, indicated by a de- 
crease in pith density, and plants with senescent 
pith tissue are susceptible to stalk rot. 





Several investigators (4, 6, 9) have reported that 
resistance to stalk rot of corn caused by Diplodia 
zeae (Schw.) Lev. or Gibberella zeae (Schw.) Petch 
is associated with high carbohydrate levels in the 
stalk, but these reports present little critical experi- 
mental evidence to substantiate this theory. 

Pappelis (10, 11) correlated resistance to stalk 
rot from D. zeae with the density of pith tissue in 
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the stalk. Pith tissue of high density had a high 
percentage of living cells, whereas dry fluffy pith of 
low density was composed mostly of dead cells. He 
suggested that the progress of the pathogen was in- 
hibited by phenolic compounds formed when living 
cells were invaded. Wernham (12) has since reported 
a positive correlation between susceptibility to stalk 
rot caused by G. zeae and the percentage of dry pith 
in the stalk internode. 

This paper reports experimental evidence for a 
relationship of sugar content of the stalk and of 
senescence of pith tissue to susceptibility to stalk rot 
caused by D. zeae. 

Materials and methods.—Twelve inbred lines of 
dent corn (38-11, B14, C103, C. I. 4-8, R4, R53, R80, 
R101, R109B, R130, R168, and WF9) were selected 
for study. In previous tests these inbreds had differed 
widely in their reaction to stalk rot. These tests em- 
ployed a diversity of Diplodia isolates and were con- 
ducted at different locations for several years. Stalk 
rot reaction of each inbred was consistent. Plantings 
were made May 19, 1959, on the Agronomy South 
Farm of the University of Illinois. The inbreds were 
planted in a split-plot experimental design using 4 
replications. The main plots of each replicate were 
10 hills of each inbred planted in random order, the 
plants thinned to 4 per hill. The plants from the 
first 2 hills of each main plot and alternate hills 
thereafter were used to provide samples for sugat 
analyses and pith-density determinations. The plants 
in the remaining hills were inoculated with D. zeae 
to determine the reaction of the inbred lines to stalk 
rot. 

One week after silking, the plants were inoculated by 
injecting a water suspension of conidia of D. zeae in- 
to the second internode above the ground (7). A 
single isolate, of proven pathogenicity, obtained from 
corn in Illinois was used. Development of rot, as 
indicated by discolored tissue, was observed at week- 
ly intervals for 4 weeks, beginning 1 week after in- 
oculation. The stalks were cut lengthwise and scored 
for stalk rot on the following scale: 1) 25% or less 
of the inoculated internode rotted, 2) 26-50% of the 
inoculated internode rotted, 3) 51-75% of the in- 
oculated internode rotted, 4) 76-100% of the inocu- 
lated internode rotted, 5) rot present in the internodes 
adjacent to the inoculated internode, and 6) plant 
prematurely killed. 

The stalk samples used for sugar analyses and 
pith-density determinations were from uninoculated 
plants showing no evidence of natural stalk rot in- 
fection and normal in other respects. The first 
sample from each of the 12 inbreds was collected 8 
weeks after planting. Subsequent sampling dates, 
based on the maturity stages of the inbred lines, 
were taken at silking and 2, 3, and 4 weeks after 


silking. For each inbred the collection dates of the 
last 3 samples coincided with the dates of rot obser- 
vations in inoculated plots. In all cases samples and 
rot observations made the same date were taken from 
adjacent hills. 


Sections from the second internode above the 
ground of all stalks in a hill were bulked to form each 
sample. Samples were taken in each of the 4 replicates 
between 6 and 7 a.m. Central Standard Time. Im- 
mediately after cutting, they were placed in small 
metal containers and covered with crushed ice. The 
samples were placed in a freezing compartment with- 
in 45 minutes of collection and held at —5°C until 
processed (usually within 8 hours of collection). 

The rind and nodal tissues were removed from the 
stalk sections, and all future studies were made on 
the remaining pith tissue. Throughout the paper 
the terms “rind” and “pith” are used to indicate 
general regions of the corn stem. “Rind” tissue is 
the exterior portion of the stem, composed of the 
epidermis, sclerified parenchyma, and closely grouped 
vascular bundles. “Pith” tissue is the soft spongy 
tissue in the interior of the stem composed of thin- 
walled parenchyma cells and widely scattered vascular 
bundles. Determinations of pith density were made at 
each of the last 4 sampling dates by the method de- 


1 


scribed by Pappelis (10). Cylinders of tissue 14 in. in 


diameter were cut with a cork borer from the centers 
of the internodal sections. These pith cores were 
weighed and the volume determined by water dis- 
placement. Specific gravity of the central pith tissue 
was calculated from these measurements. 

Following the density determinations. the pith 
cores and remnants of samples were dried in an evac- 
uating oven for 36 hours ut 75°C. The dried samples 
were ground in a Wiley mill fitted with a 1l-mm 
screen and stored in sealed paper bags at room 
temperature until analyzed. The samples were ana- 
lyzed for sugars by the Munson-Walker method (1). 
HCl was used for the inversion of sucrose. The re- 
sults are reported as dextrose equivalent on a mois- 
ture-free basis as the relationship of sugar concen- 
tration to stalk rot reaction was similar when sugar 
percentages were expressed either on a dry-weight 
or fresh-weight basis (3). 

The data obtained from the observations of stalk 
rot, sugar analyses, and determinations of pith den- 
sity were analyzed statistically, and significant differ- 
ences were determined with Duncan’s multiple range 
test (0). 

Results.—Stalk rot reaction—The 12 inbred lines 
differed markedly in reaction to stalk rot (Table 1). 
The inbred lines, on the basis of rot score at the 
final observation, were classed as resistant, inter- 
mediate, or susceptible (Table 2). Those classed as 
resistant formed a statistically distinct group, but 
separation of the remaining lines into intermediate 
and susceptible groups was in some cases arbitrary 
because of intergradation in the ranking of the rot 
scores. 

Sugar analyses.—Differences were great among the 
12 inbred lines in percentages of sucrose and of re- 
ducing sugars (Tables 3 and 4). A comparison of 
Table 1 with Tables 3 and 4, however, shows no con- 
sistent relation between rot score and sugar content 
until the fourth week after silking. At that time the 
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Table 1.—Stalk rot scores of 12 inbred lines of dent corn over a 4-week period following inoculation. 


Week Rank at week indicated, and mean rot scores® 
] WF9 C103 R101 R4 B14 C.L. 4-8 R130 38-11 R80 R109B R168 R53 
(1.0) (1.0) 1.0 (1.1) (1.2) (1.2) (1.3) (1.3) (1.6) (1.7) (2.3) (3.8) 
2 €103 R4 B14 WF9 R130 R101 C.1. 48 R168 R109B 38-11 R80 R53 
(1.0) 1.0) * 1.2) (1.3) (1.3) (2.2) (3.3) (3.5) (3.7) (4.0) (4.0) 
3 C103 R4 WF9 B14 R130 R101 CLL. 4-8 R109B R168 R53 38-11 R80 
(1.0) (1.0) 1.1] (1.3) (1.3) (1.4) (2.7) (3.4) (3.9) (4.0) (4.0) (4.8) 
4 C103 B14 R10 WF9 R130 C.I. 4-8 R109B 38-1] R53 R4 R168 R80 
(1.2) (1.3) 1.6 (1.9) (3.0) (3.4) (3.8) (3.8) (4.3) (4.4) (5.1) (5.6) 
a Mean rot scores are the average of 4 replications and are indi ated in () 
Means not underscored by t! same line are significantly different at the 5% level. 
most susceptible lines were among the lowest of the (Fig. 1, 2, 3). Susceptible inbred lines exhibited a 
inbreds in per cent of sucrose ind reducing sugars downward trend in content of reducing sugar after 
On a basis of sugar content, however, the resistant silking. These inbreds also showed a decrease in 
inbreds could not be different ited from the inter- sucrose at the end of the observation period, but the 
mediate inbreds. , decrease in reducing sugar content occurred sooner 
Changes in sugar levels during the observation after silking and seemed more consistent. 
period appeared to be related to stalk rot rankings Inbred lines classed as intermediate, except for 
R130. maintained the level of sucrose and reducing 
rable ~_—S ilk ne oe “ie sugars throughout the observation period. R130 
inbred lines of dent corn 4 weeks after artihe ial inoculation 


showed a decrease in reducing sugar content after 


with Diplodia zeae ! | 
pollination, and an increase in sucrose. 


Resistant Intermediate Susceptible The resistant inbreds, except for WF9, were char- 
Inbred Score inbreds Score Inbreds Score acterized by increases in sucrose content, whereas the 
= - content of reducing sugars remained relatively stable. 
C103 7 - . r “ry ‘ WF9 exhibited an upward trend in reducing sugars 
} ( 8 pang : 
aoe 16 R109B 9 R168 5] after silking, and no marked change in sucrose level. 
f rif } 8 re] ) : . 
WF9 1.9 39.1] 58 R80 5.6 A sugar-trend scoring system was devised that 
provided a numerical expression of significant in- 
Table 3.—Percentage of sucr n a drv-weight basis in stalk samples of 12 inbred lines at various interv ils after 
planting. 
Sampling date Rank of inbreds and mean per cent of sucrose® 
8 weeks Ri68 R C.1.4-8 R130 WF9 R80 B14 38-11 R109B R101 C103 R4 
after planting? 9.3 é (6.7) (6.0) (5.7) (5.7) (5.3) (4.7) (45) (40) (2.5) (1.9) 
At silking C148 R168 WF9 R4 C103. R1O9B R53. Bl4- 38-11 R101 R80 R130 
97.0 ) (18.0) (15.5) (14.3) (11.3) (8.7) (6.3) (6.0) (45) (43) (4.3) 
2 weeks CI.48 Clif R130 WF®9 R109B- —-R168 R53 R4 B14 R80 38-11 ~=— R101 
after silking 20) ( 75) (24.3) (23.3) (23.3) (22.5) (19.0) (13.5) (11.3) (9.70) (8.0) 
3 weeks ( | ( R130 R53. RIO9B WFO R168 RIO R4 R80 38-1] B14 
after silking 16.5) (28.5) (24.7) (23.7) (23.3) (21.0) (20.3) (19.7) (14.3) (13.3) (12.7) 
4 weeks R13 R109B C103 C1..48 Bl4 WF9 38-11 R101 R4 R53 R80 =R168 
after silking 8.7) 27) (26.0) (24.5) (22.5) (13.5) (13.0) (11.3) (9.3) (8.5) (8.5) 
@ The inbred means for sugar percentage indicated in () are the average of 4 replications, arranged in order of rank 
Means not underscored by the line are significantly different at the 59% level 


b These means were not an | for significant differences, because of variation in maturity of the inbred lines. 
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WEEKS AFTER SILKING 


Fig. 1.—Percentage of reducing sugars on a dry-weight 
basis in stalks of 12 inbred lines during a 4-week period 





following silking. Each observation is the mean of 4 
replications. 
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WEEKS AFTER SILKING 


Fig. 3.—Percentage of total sugars (sucrose and reduc 
ing) on a dry-weight basis in stalks of 12 inbred lines 
during a 4-week period following silking. Each observa- 
tion is the mean of 4 replications. 


creases or decreases in sugar level during the obser- 
vation period. Each inbred was assigned a value of 
+4 for the percentage of sucrose and reducing sugars 
present at silking. Any statistically significant (5% 
level) decrease from these percentages during the 
observation period was scored as —l, any significant 
increase as +1, and no change as 0. In addition, any 
lower than an immediately 
silking was 


. f bytes 
observation significantly 
preceding than at 
scored —l; if higher, +]. Thus, possible scores for 


observation other 


each observation were +2, +1, 0, —l, and —2. A 
score of +2 indicated that the observed sugar per- 


centage was significantly higher than the per cent 
present at silking (+1), and also higher than the 
per cent present in the preceding observation (+1). 
The assigned values, totaled, represented the sugar- 
trend score for each inbred line. This scoring scheme 
gave more significance to early and rapid changes in 
sugar concentration than to gradual changes occur- 
ring throughout the observation period or to large 
changes occurring late in the observation period. 
Table 5 gives the sugar-trend scores and correlation 
coefficients of the relationship between these scores 
and stalk rot scores. 

The inbred lines used showed a significant nega- 
tive correlation between increase in sugar levels af- 
ter silking and susceptibility to stalk rot. High stalk 
rot scores indicating a high degree of susceptibility 
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WEEKS AFTER SILKING 
Fig, 2.—Percentage of sucrose on a dry-weight basis in 
stalks of 12 inbred lines during a 4-week period following 
silking. Each observation is the mean of 4 replications. 
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WEEKS AFTER SILKING 
Fig. 4.—Pith-core density of 12 inbred lines during a 


4-week period following silking. Each observation is the 


mean of 4 replications. 


were associated with significant decreases in sugar 
levels. All significant decreases in sugar levels re- 


sulted from a decrease in reducing sugars; none of 
the inbred lines exhibited a significant decrease in 
sucrose from amounts present at silking. Significant 
were measured in 6 in- 
total 


was more closely correlated with 


increases in sucrose content 
bred The 
reducing sugars) 
stalk rot reaction than trends in either of the com- 
ponent sugars alone (Table 5). 


lines. trend in sugar (sucrose and 


Group sugar-trend scores were obtained by total- 
ing the values for the 4 inbreds in each of the 3 
stalk rot The respective scores for 
sucrose, and _ total 
17, 10, and 27; intermediate in- 


reaction classes. 


reducing sugars, sugars were: 


susceptible inbreds 


breds—20, 15, and 35; and resistant inbreds—23, 18, 
and 41. 
Pith density—The inbred lines in the resistant 


class exhibited a higher density of pith at silking 
than and _ susceptible 
The density of pith decreased in 
during the observation period, but 
was higher at the final observation, except for R130, 
than any of the less resistant inbreds. 


inbreds in the intermediate 
classes (Fig. 1). 


resistant lines 


Among the intermediate inbreds, R130 maintained 
a comparatively high level of pith density through- 
out the experimental period and was higher in this 
respect than any other inbred at the final observa- 
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Table 4.—Percentage of reducing sugars on a dry-weight basis in stalk samples of 12 inbred lines at various intervals 
after planting. 
Sampling date tank of inbreds and mean per cent of reducing sugars® 
8 weeks R130 = C103 38-11 WF9 R4 R109B- R53 Bl4 C148 R80 R168 R101 
after planting” (48.0 Le 10.3 (39.0) (37.0) (36.7) (35.3) (35.3) (32.0) (31.7) (28.0) (27.3) 
At silking R130 R80 R53 R101 R4 C103 RI09B R168 38-11 C148 WF9 

(52.0) (39 6.5) (35.3) (34.7) (34.3) (33.8) (30.7) (29.5) (26.3) (22.3) (19,3) 

2 weeks R130 g B14 8-1] C103 WF9 R53 R168 R101 C.1.4-8 R109B R4 
after silking f 12 (34.2) 27.0) (26.7) (26.3) (24.8) (22.7) (22.3) (22 21.7) 
3 weeks 8-1 R 314 WF9 R4 R101 C103) ~R1O9B- R53 R80 C.1.4-8 R168 
after silking 16 i 10.3) (35.5) 33.3) (30.0) (29.7) (28.7) (27.0) (26.3) (24.3) 19.3) 
4 weeks WI 314 C103) «R130 CL.4-8 =RIO9B R4 R101 R53 R80 R168 
after silking 19.0 5.3 52.5 29.0) (26.5) (25.7) (25.3) (22.5) (16.5) 10.0) 

‘See tootnote Tal 

b See footnote Ta 
tion. The remaining interme te inbreds exhibited than members of the intermediate and _ resistant 
lower pith densities at silking than resistant inbreds groups. 

| 

and maintained the initial densities with minor flu Significant differences in pith density among in- 
tuations throughout the observation period bred lines were determined (Table 6), and corre. 

The inbred lines classed as sceptible showed wide lation coefficients measuring the relationship between 

| | 

variation in pith density at silking. but all were lower pith density and stalk rot scores at different obser- 
than the resistant ones. The susceptible inbreds de vation dates were calculated (Table 7). With the 
creased in pith density during the observation period, exception of rot score the first week after inocula- 
and at the final observation had lower pith densities tion, a significant negative correlation existed be- 

Table 5.—Significant changes percentages of sugars in 12 inbred lines during a 4-week period after silking and 
correlation coefficients of scores f nds in sugar content and stalk rot rating. 
—— Si 1 scores Reducing sugars trend scores Total sugars 
grouped by Weeks afte Weeks after Sum ot 

stalk rot Silkis ' Sum Silking silking Sum trend score 

reaction score | total score 2 } } total totals 
Susceptible 

R4 | +4 14 -] 1] 0 14 8 

R53 +4 } } l ) +4 ] 0 l +2 7 

R80 +4 ( | } 0 0 —!] +3 7 

R168 14 ( 14 | Oo cal ae 9 iS 
Intermediate 

R130 | 3 =] +] 17 | 0 — i= 10 

R109B | } } j 0 0 0 +4 9 

CLL. 4-8 / 0 14 j 0 0 0 41.4 1g 

38-11] 1 0 + 4 } 0 0 0 +4 8 
Resistant 

C103 } l +7 } 0 0 0 +4 11] 

B14 14 ( +2 +6 | 0 0 0 +4 10 

R10] | : 0 6 | 0 0 0 14 +10 

WF9 | ( 0 14 j 0 1] 1] +6 +10 
Correlation coefficients of sugar 
trend scores and final stalk rot scores 0.650" —0.595* — 0.883** 


“Each inbred was assigned a value of 4 for per cent of the respective sugars present at silking; any significant (5% 
level) decrease from these percentages during the observations was scored as —l, an increase as +1; in addition any 
observation lower than an immediately preceding observation, other than at silking, was scored —1; if higher, +1. 
Thus, possible scores for observations were +2, +1, 0 (no change), —1 and —2. 

*Significant at the 5% level. 

**Significant at the 1% level 
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Table 6.—Pith-core density of the second aboveground internode and rank of 12 inbred lines at silking, and at 2, 3, 


and 4 weeks after silking. 


W eeks after silking 


gb B14 WF9 C103—s R101 R130 
1.05 (0.97) (0.91) 


05) (1.00) (0,99) 


2 R130 =6C.103 WF9 B14 R101 
(1.05) (0.98) (0.91) (0.85) (0.82) 
3 R130 WF9 C193 R101 B14 
(0.98) (0.89) (0.86) (0.83) (0.66) 
I R130 WF9 B14 R101 C103 


70 


(1.02) (0.83) 


(0.80) (O.(6) (Ql; 


Rank of inbreds and mean pith-core density® 


C.1.4-8 38-11 
(0.65) (0.65) 


R4 R168 


(0.71) (0.68) 


R109B R53 R80 
(0.49) (0.49) (0.29) 


R4 R168 38-11 CI.48 R109B- R53 R80 


(0.52) (0.44) 


(0.77) (0.59) (0.57) (0.54) (0.24) 
R4 38-11 R168 C1. 4-8 R109B R53 R80 
(0.61) (0.58) (0.55) (0.50) (0.49) (0.35) (0.28) 


C.1.4-8 38-11 R109B R4 R168 R53 R80 
7) (0.54) (0.50) 5 


« Pith-core density expressed as specific gravity is indicated in (), representing the average of 4 replications; means 


not underscored by: the same line are significantly different 


b At silking. 


tween pith density on any given date and rot score 
on or after this date. 

Discussion.—A positive correlation was found be- 
tween resistance to stalk rot and pith density among 
the inbred lines used. Pappelis (10) has shown that 
pith density is directly correlated with the per cent 


of living cells in the pith tissue. These correlations 


indicate that susceptibility to stalk rot follows the 


senescence of pith tissue. Consequently, any environ- 
mental or plant factor that influences the degree of 
senescence of pith tissue would also influence invasion 
by D. zeae. 

Sugar analysis of the inbred lines showed that a 
downward trend in sugar level after silking was 
positively associated with senescence and susceptibil- 
ity. The decrease in sugar level was accompanied by 
a decrease in the number of living cells in the pith 
tissue of the stalk. This is to be expected since carbo- 
hydrates are an energy source for the metabolic ac- 
tivities of the cell (2). 

Loomis (8) found sugars to be translocated along 
a negative gradient from the stalk to the developing 
ear. If the supply of sugar is insufficient to meet the 
needs of both grain development and maintenance 
of the vegetative parts of the plant, grain formation 
is accompanied by a reduction in physiological ac- 
tivity and eventual senescence of these vegetative 
parts. This senescence, and its associated chemical 
changes in the pith, result in the plant becoming 
susceptible to stalk rot. 

The observations on increased incidence of stalk 
rot following leaf damage and of decreased suscepti- 
bility following defruiting are in agreement with 
this theory. Loss in leaf area would decrease the 
sugar manufacturing potential of the plant, and de- 
fruiting would increase the amount of sugar avail- 
able for vegetative functions. 


at the 1% level. 


Comparisons of pith densities among the inbred 
lines show the susceptible inbreds are lower in densi- 
ty at silking than the resistant ones. These differ- 
ences in densities at silking cannot be attributed to 
differences in sugar trends after silking. Since only 
| sugar analysis was made prior to silking, trends for 
this period were not established. The possibility 
exists, however, that in some lines sugar levels start 
to decrease before silking. An alternative possibility 
would be that differences in density at silking are 
caused by some factor or factors other than sugar 
content. 

Pith density decreased in the resistant inbred lines 
during the later part of the observation period, even 
though these lines showed a general upward trend 
in sugar level. The increase in sugar possibly failed 
to meet the requirements both for grain production 
and for vegetative cell maintenance. Under these cir- 
cumstances, senescence would occur, but at a slower 
rate than in inbreds where sugar deficiencies were 
greater. 


Table 7.—Correlation coefficients of pith-core density and 
stalk rot scores of 12 inbred lines at various weekly intervals 
after inoculation. 


Pith-core 
density at 
weekly 


intervals Stalk rot scores at weekly 


after intervals after inoculation 
noculation l 2 3 Y 
i —0.530 —0.859** —0.870** —0.715** 
l —0.524 —0.873** —0.911** —0.771** 
2 —0.811** —0.833** —0.746** 
3 —0.809* * 


—0.780** 


“ At silking (1 week prior to inoculation). 
**Significant at the 1% level. 
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Further work is needed to determine the reasons 
for the differential trends in sugars exhibited by the 
corn inbreds studied. 
brought about by a photosynthetic ac- 
tivity. On the that 
a greater proportion of the sugars produced by the 
plant was translocated to the ear in 
ing decreases in sugar. Koehler (7) 
in a group of corn hybrids, those most susceptible to 
stalk rot were the highest 
cations of low stalk rot incidence 
that the ultimate in stalk rot 


Downward trends could be 


decrease in 


other hand they could indicate 


inbreds show- 
reported that, 
yielding in seasons or lo- 
This may indicate 


resistance may be in- 


compatible with the ultimate in grain yields if stalk 
rot resistance is achieved only by living cells. The 
interrelationships of c irbohydr ite metabolism. yield. 


| 


and stalk rot reaction certainly deserve more intensive 
study.—University of Illinois, Urbana. 
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SUMMARY 


Stalk rot in dent corn grown in the greenhouse was 
induced by infesting the soil with Diplodia zeae when 
the plants were 8 weeks old. The roots were the site 


of initial infection, and the pathogen progressed into 


the stalk by way of infected roots. Histological 
studies were made of infected adventitious roots and 
of infected stalks. Many invaded cortical cells in 
the roots exhibited cellular ingrowths or browning 


and deposition of a granular material. Other cortical 


cells gave no visible response to hyphal invasion. 
Vessel elements of infected roots and stalks were 
occluded with lignin-like substances. Infected nodes 


were dark brown and exhibited cellular ingrowths. 
Dead parenchyma cells of the internodes showed no 
browning or other response to invasion by D. zeae. 
The most damaging aspect ol the infection appears 


to be plugging of the vascular system. 





Durrell (2) 
by Diplodia zeae (Schw.) Lévy. 
of the nodes of the corn plant. From isolation studies, 
Koehler (6) reached similar conclusions. McNew (9) 
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reported that stalk rot of corn caused 
resulted from infection 
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some 


Nature of 
Phyto- 


AND STALK ROT OF DENT CORN 


L. Hooker 


from infection of the parts of the plant belowground, 
either from infected seed or from infested soil. He 
found that the mesocoty] was the point of initial in- 
fection. Recently, Whitney and Mortimore (13) re- 
ported that stalk rot of field corn in southwestern 
Ontario began as a root rot that progressed into the 
stalk. The causal agent, however, was not believed 
to be D. Other workers (4, 8, 10, 12) 
noted an association between root necrosis and stalk 


zeae. have 
rot in corn. 

This study was made to determine the pathway of 
infection by D. zeae in corn plants grown in infested 
and the effect of 
roots and stalks. 


soil, infection on the tissues of 


and methods.—Twenty-one 10-in. clay 
pots were filled with soil and steam sterilized. Three 


l-in. sections of 18-mm glass tubing, corked at the 


Materials 


top end, were inserted in the soil equidistant around 
the perimeter of each pot. The tubes were angled 
in so that the corked ends at the edge of the pot 
were % in. above the soil surface and the lower ends 
were 2% in. below the surface and near the center 
of the pot. 

Seed of a dent corn single cross Ill. Hy 2 x CL 
1-8 was treated with bis(dimethylthiocarbamy]) di- 


sulfide (Arasan SF-X) and planted at the rate of 3 
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kernels per pot. The plants were thinned to 1 per 
pot and placed in a room where light and temperature 
were adjusted to simulate field conditions in sum- 
mer. A nutrient solution made by mixing 17 g of 
12-24-12 commercial fertilizer with 4 L of water was 
applied at weekly intervals at the rate of 500 ce per 
pot. Soil moisture was maintained by watering the 
plants twice daily. 

Inoculum was prepared from 10-day-old colonies 
of D. zeae growing on potato-dextrose agar (PDA). 
The cultures, 1 Petri-dish culture for each 300 cc of 
sterile distilled water, were macerated in a Waring 
Blendor. Eight weeks after planting, 100 ce of the 
inoculum was poured through the glass tubes into the 
soil beneath the plants in 14 of the pots, Similar 
amounts of a sterile mixture of water and PDA were 
added to 7 control pots. 

Infection of roots, crowns, and stalks was observed 
8, 12, and 14 weeks after soil infestation. Stalks and 
roots of the plants selected for observation were care- 
fully removed from the pots and thoroughly washed 
in water. Stalk and root sections were surface-steri- 
lized with a 5% solution of sodium hypochlorite, and 
isolations were made by plating bits of this tissue on 
PDA. 

For histological studies of diseased tissue, cross 
sections about 14 in. thick were cut from stalks and 
roots and infiltrated with FAA killing and fixing 
fluid. Later, thin freehand sections were cut from 
this material and observed microscopically. 

Mycelium in the diseased plant tissue was differ- 
entiated by staining with Sudan IV. The sections 
were washed free of FAA in 50% ethyl alcohol and 
transferred to a saturated solution of Sudan IV in 
70% ethyl alcohol. After 30 minutes in Sudan IV, 
the sections were quickly washed in 50% ethyl alcohol 
and mounted in glycerine for observation (5). 

Fresh, unfixed material was used in determining, 
with specific stains, the nature of certain structural 
characteristics of diseased tissue. Lignified structures 
in these fresh sections were identified by treatment 
with phloroglucin (5). Suberin and other fatty sub- 
stances were differentiated by staining with Sudan 
ry (5). 

Results.—Root and stalk rot development.—Eight 
weeks after soil infestation and 6 weeks after silking. 
5 plants from the infested pots and 2 from the check 
pots were examined. Plants from the check pots 
showed no lesions on either roots or crowns, Four 
of the 5 plants from infested pots had dark brown 
lesions on the adventitious roots belowground. No 
discoloration was observed on or in the base of the 
stalk. Bits of tissue from the necrotic areas of the 
roots were plated on PDA. D. zeae and unidentified 
bacteria were obtained. The plated tissue from the 
interior of the base of the stalks yielded only un- 
identified bacteria. 

Four weeks later (12 weeks after infestation) 4 
plants from infested pots and 2 from check pots 
were examined. The check plants were free of crown 


or root rot. Roots of the 4 plants from the infested 
pots showed large areas of brown rot, and the lesions 
in 2 of the plants, extended to the junction of stalk 
and root. The outer surfaces of these stalks were 
discolored and, when split, revealed a dark discolor- 
ation of the basal crown tissues. The first 2 inter- 
nodes above the soil line also exhibited a dark dis- 
coloration of the rind. The internodal vascular 
bundles were brown, but the internodal parenchyma 
tissue was not discolored. Nodes in this region were 
dark brown. Tissues from discolored adventitious 
roots, nodes, and rinds and from internodal parenchy- 
ma tissue showing no discoloration were plated on 
PDA. D. zeae grew from all plated tissues, including 
internodal parenchyma tissue showing no discoloration. 
The remaining plants were examined 14 weeks af- 
ter D. zeae was introduced into the pots. The stalks 
(Fig. 1) from the infested pots exhibited symptoms 
the same as those just described. In addition, pycni- 
dia of D. zeae were abundant on and in the roots 
and on the stalk surface above and below the soil 
line. Pyenidia were also found in the parenchyma 
tissue of the first 2 internodes above ground level, 
even though this tissue showed no discoloration. 
Histological study.—Microscopic observations were 
made of sections from the necrotic areas of the roots, 
crowns, and stalks. In the necrotic region of the 
roots the cortical cells and intercellular spaces were 
brown. Hyphae were abundant in many of these 
cells (Fig. 2-A). Many cortical cells with partially 
destroyed cell walls were filled with a brown, gran- 
ular material. Hyphae were not distinguishable in 
these cells, but there was some indication that my- 
celium might be present as a compact mass of short 


segments, 





Fig. 1.—Diseased corn stalks (left and center) grown 
in pots in the greenhouse in soil infested with D. zeae, 
and healthy stalk (right) grown in uninfested soil. 
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Ingrowths of the cell wall that formed around in- 
vading hyphae were observed in many cortical cells 
(Fig. 2-B). 
in cortical cells of wheat roots inv 


Fellows (3) reported similar ingrowths 
ded by Ophiobolus 
graminis Sacc. He named these structures ligni-tubers 


because of their positive reaction to phloroglucinol, 


a stain specific for lignin. Young (14) noted such 
formations in wheat coleoptiles invaded by D. zeae, 
and called them callosities. The ingrowths in the 
cortical cells of diseased corn roots, however, gave 
a negative reaction to phloroglucinol. Some of these 


treated with Sudan 


structures stained pink when 





Fig. 2.—Sections from roots and stalks of corn plants 
infected with D. zeae. A) Cross section of the necrotic re- 
gion in the root cortex showing darkly colored cells and in- 
tercellular spaces surrounded by cells in which hyphae are 
discernible (120). B) Cross section of cells in the root 
cortex, showing ingrowths (arrow) 100). C) Cross se 
tion of cells of root cortex, showing hyphae emerging 


Vol. 5] 


indicates that these structures 


IV. This 


could be composed of suberized material. They often 


reaction 


extended almost entirely across the cell lumen. In 
many instances the hyphae succeeded in breaking 
through the enclosing envelope (Fig. 2-C). 

The endodermis appeared to retard the progress 
of the pathogen. After penetrating this barrier, hy- 
phae of D. zeae entered the stele (Fig. 2-D). Occlud- 
ing material was observed in the vessel elements of 
the invaded stele (Fig. 2-E). In sections from fresh 
roots this occluding material stained red when treat- 
ed with phloroglucinol, indicating that the substance 





from the cellular ingrowths (400). D) Hyphae of D. 
zeae (discernible as strands and black dots) in cortex 
and stele of cross section of a corn root (400). E) Par- 
tially occluded vessel elements in cross section of the 
<232). F) Pycnidium of D. zeae in 
internodal parenchyma cells of a stalk (232). 


stele of a corn root ( 
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was lignin or lignin-like. Often the occluding ma- 
terial found in a vessel element was not accompanied 
by hyphae. 

Fourteen weeks after soil infestation the under- 
ground internodes of the stalk, composed almost en- 
tirely of vascular tissue, were darkly discolored. A 
different reaction, however, was evident in the above- 
ground internodes, where large amounts of paren- 
chymatous tissue were present. In these nodes and 
internodes, the vascular bundles of the internodes and 
the cells of the nodes exhibited the browning and 
occlusion noted earlier in the roots but the paren- 
chyma cells in the inner tissue of the internode 
showed no browning. Even so, they contained abund- 
ant hyphae and pycnidia of D. zeae (Fig. 2-F). 

Discoloration and occlusions were evident in the 
cells of the nodal tissues. Cellular ingrowths simi- 
lar to these found in the roots were abundant. The 
parenchyma tissue in the internode showed no re- 
action to invasion by D. zeae, but had the dry, spongy 
appearance reported by Pappelis (11) as indicative of 
dead cells, 

Discussion.—Under the conditions of this experi- 
ment. D), zeae caused stalk rot by invading the roots 
of the corn plant and progressing into the stalk. It 
is recognized that the method of inoculation employed 
in the present study was extremely severe and highly 
unnatural. Diplodia may not readily infect corn roots 
growing in unsterile field soil, where levels of Diplodia 
are lower and competition with numerous soil organ- 
isms exists. Nevertheless, this experiment demon- 
strates that Diplodia stalk rot can be initiated by 
root infections from the soil. Whether stalk rot as 
found in the field follows this pattern or, as others 
(2, 6) have reported, results from aboveground in- 
fections cannot be definitely ascertained without 
further experiment. 

Observations of the diseased stalks in this study 
showed that nodal tissues aboveground were distinct- 
ly discolored both on the surface and in the interior 
of the stalk. The internodal parenchymatous tissue 
above and below these nodes showed little or no 
discoloration. Thus, an investigator observing only 
these symptoms might conclude that primary infec- 
tion occurred at the discolored nodes rather than 
progressing upward from the base of the plants. 

The internodal parenchymatous tissue whose cells 
gave no visible response to invasion by D. zeae ap- 
peared to be composed of dead cells. If cell brown- 
ing or formation of cellular ingrowths in response 
to hyphal invasion are the properties of living cells. 
the parenchyma cells in the nodes retained their 
viability longer than those in the internodes, 

The stage at which roots become susceptible was 
not determined, but the great increase in the portion 
of the root system infected at 8 weeks over that at 
4 weeks after silking indicates that susceptibility to 
root rot by D. zeae increases with plant maturity. 
Craig and Hooker (1) and Pappelis (11) have re- 
ported that susceptibility to Diplodia stalk rot re- 
sulting from artificial inoculation is associated with 


the degree of senescence of stalk tissue. Loomis (7) 
found that the root growth of the corn plant was 
sharply curtailed after silking. In view of these 
findings, the susceptibility of the reots to infection 
may result from progressive senescence of the corti- 
cal tissue following silking. 

Histological observations revealed that invasion of 
the vascular system by D. zeae caused a plugging of 
the vessel elements. The occluding material in the 
vessel elements gave a lignin-like reaction to phloro- 
glucinol, suggesting that the occlusion resulted from 
deterioration of the walls of the vessel elements. In 
many instances no hyphae were apparent in the oc- 
cluding material. Perhaps this material was translo- 
cated from some previously invaded point. There is 
also the possibility that an exotoxin produced by the 
pathogen could initiate the formation of occluding 
material in advance of the mycelium. 

Plugging of vessel elements in the roots would 
impair the translocation of water and nutrients from 
the roots to the upper portions of the plant. If this 
impairment of translocation was severe enough, pre- 
mature dying of stalk, which is often associated with 
infection by D. zeae, would result. Even when root 
damage is not severe enough to cause premature dy- 
ing, infection would result in a decrease in plant 
vigor and consequent reduction in grain yield.—Uni- 
versity of Illinois, Urbana. 
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SUMMARY 


The effect of varying levels of N, P, and K on pre- 
disposing plants of a_black-shank-resistant 
variety (Coker 139) to Phytophthora parasitica var. 
nicotianae was studied. Greenhouse plants grown in 
sand cultures with high levels of N more 
ceptible than those with optimum-growth levels of 
N, P, and K. The disease indices were consistently 
less for low-nitrogen plants than optimum-nitrogen 
plants. High P had little effect on susceptibility but 
low-P plants were less susceptible than plants re- 
ceiving optimum-growth levels of N, P, and K. Differ- 
ent levels of K had little effect on susceptibility. 

Increased high susceptibility 
was correlated with high osmotic levels. Plants with 
above-optimum levels of N, P, and K more 
ceptible than optimal-level plants. results 
peared unaffected by day length data 
similar in both summer and fall 


tobacco 


were 


sus- 


disease incidence 01 


were 
The 


since 


sus- 
ap- 
were 


The black shank disease of tobacco, caused by 
the soil-borne fungus Phytophthora parasitica (Dast.) 
var. nicotianae (B. de Haan) Tucker, is controlled 


mainly by using disease-resistant varieties. In most 


cases, varieties having moderate to high resistance 
provide adequate control under field conditions; in 
some instances, however, losses are heavy. It is 


known that plant-parasitic nematodes may predispose 
resistant plants to disease (8) and that highly viru- 
lent of the 
damage to resistant varieties (3) 
losses occur in resistant varieties that cannot be ex- 
plained on either basis 

There are many reports of predisposing plants to 


strains fungus may cause considerable 


In addition heavy 


disease by varying mineral nutrition in sand culture 
(1, 4, 5, 9). There is the possibility, therefore, that 
the major-element nutrition (N, P, and K) or 
nutrient supply may influence black shank develop- 
ment in even a resistant This 
made to determine the influence of 
nutrition on the predisposition to P. parasitica var. 
nicotianae of resistant tobacco plants grown in sand 
culture. 

Methods and Materials.—Plants of the black-shank- 
resistant variety Coker 139 were grown in sterilized 
sand in thumb-pots and supplied daily bal- 
anced nutrient solution favorable for the growth of 


micro- 


variety study was 


mayor -element 


with a 


tobacco. When in the 4-5-leaf stage, 2 plants were 
transplanted to each varnished 10-in. clay pot con- 
taining washed quartz sand (grade 3 Q-ROK, Penn- 


sylvania Glass Sand Corporation). A_ subirrigation 


Apple 

sand culture apparatus was used, consisting of 4 
tables, each supporting 12 10-in. pots. The nutri- 
ent solutions were stored in 20-L plastic carboys 
under the tables. Each container was fitted with a 


rubber tube connected to an air pump and a plastic 
pots on the table above by a 1.- 
hole rubber stopper inserted into the bottom of the 


tube connected to 2 


pots. The open end of the tube protruding into the 
pot was covered with a fine mesh plastic screen to 
prevent clogging. The flooded 1-3 
daily, depending on plant size, by creating air pres- 


pots were times 


sure in the carboys. The excess nutrient solution 
was allowed to drain back into the containers. Six 
solution treatments were studied in each run, and 


each was replicated 8 times, with a single 10 in. pot 
containing 2 plants constituting a replicate. The nu- 
trient solutions were replenished weekly. 

Twelve nutrient-solution treatments were studied, 
involving variables of N, P, and K in various combi- 
nations. These treatments and the ppm of the vari- 
able elements are shown in Table 1. Mineral-ele- 
ment levels are designated as 0X, the low level; 1X, 
the optimum level; 2X, twice the optimum level; etc. 
Thus, a solution treatment designated 111 indicates 
optimum levels of N, P, and K. The ppm of N and 
K used as the optimum (1X) agrees with the findings 
of McEvoy (7). but the level of P (95 ppm) is some- 
lower. Preliminary tests, with green weights 
that the of P 
Nitrogen was supplied as nitrate 


what 
measured, indicated lower rate gave 
optimum growth. 
except in treatments 211 and 110, which, respectively, 
contained 14 ppm and 7 ppm of the ammonium form. 
Micronutrients were added to all solutions in the fol- 
lowing amounts: Mo, 9.5 ppm; Cu. .02 ppm; Zn, .05 
ppm; Mn, .5 ppm; Bo, .5 ppm; and Fe, 1.1 ppm. 
After the plants were cultured on treatment solu- 
tion for 4 weeks, each was inoculated with 100 ml of 
inoculum placed 2 in. from the base of the plant in 
a hole 1 in. in diameter and 4 in. deep. The inoculum 
was grown on sterile moistened whole oats and _ pre- 
pared by blending 100 g of infested oats with 1100 
ml of water in a Waring Blendor. Greenhouse temp- 
eratures after inoculation were 88+10°F. 
Disease development data were recorded 
after Table 
the class descriptions and the class values used in 
computing the Each 
consisting of 6 treatments (solutions), was repeated 
once except for experiment 4. The data from the 2 
runs of a given experiment were combined for analy- 
sis as a split-plot, with runs as the main effect and 
treatments the second-order effect. The experi- 
ments were conducted throughout the year; thus, day- 
length and average daily temperature were greater in 


15 days 
9 


inoculation on a scale of 0-5. shows 


disease indices. experiment, 


as 


summer. 


Results.—Treatments that encouraged succulence 
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Table 1.—Composition of treatment solutions. 


Treatment* N PO, K 
lll 168 95 235 
O11 28 95 235 
211 336 95 235 
101 168 0 235 
121 168 190 235 
110 168 95 20 
112 168 95 169 
222 336 190 169 
100 168 0 20 
102 168 0 169 
333 504 285 704 
114 168 95 938 

a The major elements given in the order NPK 0 low; 


tended to predispose Coker 139 plants to infection 
by the black shank fungus. The optimum rate (treat- 
ment 111) had a consistently high disease index 
(Fig. 1), exceeded significantly in only 1 instance 
by the 222 solution (Fig. 1-B). Treatment 333 in ex- 
periment 4 (Fig. 1-D) had a higher index than 111, 
but the difference was not significant. Thus, when 
N was used at high levels, either in combination with 
the optimum or higher levels of P and K, highly 
susceptible plants resulted. 

The low-N treatment (Fig. 1-A, C) reduced suscep- 
tibility significantly as compared to other N_ treat- 
ments. Growth was poor and the plants were hard 
and chlorotic. The average green top weight per 
plant was 75 g, compared to 233 g for treatment 111. 

High P (treatment 121) had little effect on sus- 
ceptibility as compared to the optimum level (Fig. 
1-A, C) but was inconsistent in experiment 4, in 
which it had the lowest disease index (Fig. 1-D). 
Low P (treatment 101) reduced susceptibility as 
compared to the optimum rate (Fig. 1-A,C). These 
plants were small and dark-green to slightly purple, 
typical of P-deficient plants. 

Four levels of K were included in Experiment 4: 0X, 
1X, 2X, and 4X (Fig. 1-D). The 2X level had a sig- 
nificantly lower disease index than 1X with no differ- 
ences among other levels. All but the 1X level were 
significantly lower than the 333 solution in the same 
experiment. Plants grown at the 2X level of K in 
experiment 2 had a lower index than 1X, but the 
difference was not significant. 

Three K levels (OX, 1X, and 2X) were compared 
in combination with low P in experiment 3 (Fig. 1-C), 
with no significant differences. All. however, had 
significantly lower indices than the 1X balanced so- 
lution in the same experiment. 

There was no interrelationship between disease 
development, host nutrition, and other environmental 
factors such as day length and temperature, insofar 
as the latter was maintained above 75°F. Experi- 
ment 1 was run during August-September and re- 
peated during October-November. In a_ combined 
analysis of variance of the 2 runs, the interaction of 
treatment runs was not significant. Likewise, ex- 
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Elements (ppm) 


Ca Mg SO, Na Cl 
163 19 192 0 36 
160 19 384 0 248 
163 146 192 69 j 
163 19 192 0 71 
163 19 192 0 4 
163 9] 192 0 4 
163 19 38 0 106 
163 146 192 U 71 
163 9] 192 0 4 
163 19 384 0 142 
163 176 192 127 36 
163 19 864 0 213 


) 


normal rate; 2 double normal rate; ete. 


periment 3 was run during June-July and repeated 
during October-November, with no interaction of treat- 
ment X runs, 

An agar medium was prepared from each solution 
treatment by adding 18 g agar to 1 L of nutrient 
solution. These media were used in culturing P. 
parasitica var. nicotianae. Growth was poor on all 
media, as is characteristic of this organism on a syn- 
thetic medium, but there were no significant differ- 
ences between media. 

Discussion.—Nitrogen nutrition was the most im- 
portant of the 3 macro-elements studied in predispos- 
ing black-shank-resistant Coker 139 plants to infec- 
tion by the black shank fungus. Plants deficient in 
nitrogen were significantly less susceptible than plants 
grown at the optimum or higher levels of N fertili- 
zation. Plants receiving excessive nitrogen had a 
higher disease index than plants grown at the normal 
rate, but the difference was usually not significant. 
Under field conditions, high rates of nitrogen fertilizer 
are used with tobacco. In North Carolina the rec- 
ommended rate of nitrogen fertilization for flue- 
cured tobacco is 20-70 lb per acre, the specific amount 
depending on soil type and the crop rotation sequence 
(2). Many farmers, however, exceed this recommen- 
dation by a considerable amount in an effort to get 
maximum yields under the acreage control program. 
Consequently, the response to different levels of N 
in these greenhouse sand-culture experiments could 
have field significance in terms of the tobacco disease 
problem in resistant varieties. 


Table 2.—Disease classes and class values used for 
computing disease index. 


Class Class value Class description 

0 0 Healthy 

l 6.25 Few fibrous roots diseased 

2 12.5 Numerous fibrous roots diseased 

3 25.0 Slight infection of primary roots 

1 50.0 Tap root diseased; about % of root 
system involved (plants with cor- 
tical infection of main stem also 
placed in this class). 

5 100.0 Plant dead (plants placed in this 


class if pith tissue necrotic). 
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Fig. 1.—Disease indices of plants of the black shank 
resistant Coker 139 tobacco variety inoculated with P. 


parasitica var. nicotianae as influenced by varying levels of 
N, P, and K in sand culture. The plants were grown on 
the solution treatments for 4 weeks before inoculation and 


inoculation on a 


the data were recorded 15 days after 
rating scale of 0-5: 0, healthy; 1, few fibrous roots dis 
eased; 2, numerous fibrous roots diseased; 3, slight infec 


Phosphorus nutrition appears unimportant in pre- 
High rates of P did not 
reduced 


disposing plants to infection 


increase susceptibility, and low P suscepti- 


bility. North Carolina soils are inherently low in 
available P, but 75¢ of those devoted to tobacco 
culture for a number of years have medium to high 
levels of available P (10). Thus, P nutrition likely 


does not contribute to this field disease problem. 
had little effect on 
many North Carolina 
inherently low in available P.O;, K was varied in a 


Potassium nutrition disease 


susceptibility. Since soils are 


series having low P. The low P alone re- 


solution 
duced susceptibility, but the K variable was not sig- 
nificant. 
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tion of primary roots; 4, tap root diseased, approx. 1% of 
root system involved; and 5, plant dead. Class values used 


in computing the disease indices were, respectively: 0, 


6.25, 12.5, 25.0, 50.0, and 100.0. A) Experiment 1, com- 
bined analysis of 2 runs; B) experiment 2, combined 


analysis of 2 runs; C) experiment 3, combined analysis of 


) 


2 runs: D) experiment 4, data from a single run. 


length did not 
affect predisposition, as has been reported for other 
(6). Experiment 3, 
both 14.5 and 1] 


action between treatments and runs. 


The difference in the natural day 
diseases run with average day 


lengths of hours. showed no inter- 


(nderson (1) and Bingham et al (4) found that 
the incidence of pineapple and avocado root rots 


(caused by P. cinnamomi) was inversely related to 
the salt concentration of the nutrient solution. They 
ascribe this effect to inactivation of the zoospores of 
the fungus. 
dence was correlated with high salt concentration: 
than 


In the present study, high disease inci- 


the highest levels used were lower 


Anderson and Bingham et al. 


however, 
those reported by 
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Chlamydospores of Fusarium solani f{. phaseoli 
germinated most consistently in the soil when in 
close proximity to germinating bean seeds and root 
tips of primary, lateral, and adventitious bean roots. 
Mature roots had little effect on chlamydospore 


germination and growth when tested in soil. Al 
were determined by growing beans on filter paper. 
} Exudation of amino acids and sugars was most 


abundant from germinating bean seeds and root 
tips. Only traces of exudate were detected from 
mature roots unless they were dried or injured. An 
analysis of bean exudates was made to determine 
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EFFECT OF HOST EXUDATES ON CHLAMYDOSPORE GERMINATION 
OF THE BEAN ROOT ROT FUNGUS, FUSARIUM SOLANI F. 
Milton N. Schroth and William C. 


PHASEOLI 
Snyder 
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SUMMARY 


which fractions stimulated germination and growth 
of chlamydospores. Solutions of aspartic acid, glu- 
tamic acid, asparagine, glucose, and sucrose—and 
to some extent, maltose and stimulated 
germination and growth when tested in vitro. All 


fructose 
were identified as constituents of bean exudate. 
Analysis of hypocotyl exudate indicated the pres- 
ence of sugars but only trace amounts of amino 
acids. It is postulated that amino acids and sugars 
influence 


of bean exudate favorably germination 


and growth of chlamydospores in soil. 





INtRopUCTION.—Field evidence indicates that Fusar- 
ium solani (Mart.) App. & Wr. f. phaseoli (Burk.) 
Snyd. & Hans. is limited in its saprophytic growth in 
soil and exists in the form of thick-walled chlamydo- 
spores imbedded in plant debris or particles of or- 
ganic matter (10). The organism is a cortical root- 
and stem-rotting soil-borne fungus pathogenic to bean 
(Phaseolus vulgaris L.), and its principal growth in 
soil is associated with its pathogenic activities. The 
fungus normally attacks the bean plant by multiple 
infections of roots and hypocotyl (20). This implies 
that growth of the fungus has taken place in the soil 
in proximity to the infection court from dormant 


chlamydospores. 

This paper reports on the role of plant exudates on 
the germination and growth of chlamydospores of F. 
solani f. phaseoli. 





MATERIALS AND MEtTHOps.—Germination of chlamy- 


dospores near plant parts.—The soil used was a sandy 
loam from a bean field in the Salinas valley. The 
amount of inoculum in the soil was increased by adding 
conidia of pathogenic clones of F. solani f. phaseoli 
and incubating it (several months) until the fungus 
existed as dormant chlamydospores. Pinto bean seeds 
were planted in plastic containers with removable 
sides to facilitate examination of soil adjacent to grow- 
ing plant parts. The soil was examined at intervals, 16 
hours after planting, by placing a small aliquot on a 
slide, moistening with water, and spreading evenly over 
the surface. After drying and the removal of the larger 
mineral fragments, the slide was stained with acid 
fuchsin, covered with a cover slip, and examined for 
germinated chlamydospores. 

Detection of regions of exudation.—A 7 x 10-in. sheet 
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of Whatman No. 3MM filter paper was inserted be- 
tween two 7 x 10-in. sheets of aluminum foil and 
autoclaved 15 minutes at 250°C Pinto bean seeds 
were treated in a solution of 10 Clorox (sodium 
hypochlorite) and 2 ethanol for 3 minutes. The 


alcohol aided in the detectio 


Bean seeds with intact sec 


apart near an edge of tl 


moistened with sterile dist 
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sterilized 1 x 10 x 8-i: 


nonabsorbent cotton was us¢ 


against the beans to en 
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Bioassay of amino acid 
bean exudate. 
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washed and ignited. After 
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through the exchange column was evaporated in vacuo 
to 2 ml, and 30 yl of the concentrate spotted on What- 
man No. | filter paper. 

Identification of amino acids and sugars was made 
patterns on the chromatograms, colors 
different 
chemicals 
Hypocotyl exudates were similarly fractionated and 


by Rf values, 
of the 
known 


and 
simultaneously, 


amino acids, solvent systems, 


and unknown run 
the constituents identified. The exudates were collected 
by excising the aboveground portion of 50 hypocotyls 
After paraffining the 
Clorox for 3 
minutes, they were placed in a sterile moist chamber. 


of 15-day-old Pinto bean plants. 
ends and immersing in a solution of 7% 


After 30 hours, the hypocotyls were rinsed in distilled 
water and the washings analyzed by the procedures 
previously described. 

Each identified chemical was assayed for activity tn 
stimulating germination and growth of chlamydospores 
of F. solani f. phaseoli by pipetting 0.2 cc of 2% aque- 
ous solution into 0.5 g of air-dried soil in a well of a 
porcelain spot plate and incubating 24 hours in a 
The solutions were prepared from 


moist chamber. 


standardized reagents. Samples were examined after 


16 hours. The soil and examining techniques were 
identical to those used for testing the effect of plant 


parts on germination of chlamydospores, Chemicals 





Fig. 1. Germinated chlamydospore of Fusarium solani 
phaseoli stimulated by a bean root tip (Pinto). Particles 
tube are mineral fragments and or- 
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Fig. 2. Exudation patterns of bean plants (Pinto) obtained by growing a bean seedling on Whatman No. | filter paper 
and developing the paper with ninhydrin. (A) Exudation patterns of 5-day-old bean seedlings. Original position of un- 
germinated seeds outlined. (B-C) Regions of exudation after transferring 5-day-old bean seedlings to fresh sheets of 





filter paper and growing for 12 and 36 hours, respectively. Root systems and positions of germinated seeds at time of 
transference outlined. Note that exudation was primarily from the growing root tips. 


showing activity were reassayed in lower concentra- 
tions and combinations to test the effect of concentra- 
tion on chlamydospore germination and growth. Thirty 
replications were made of each concentration. 

Resu_ts.—Effects of plant parts on chlamydospore 
germination.—Germination of chlamydospores was ob- 
served 16-24 hours after planting bean seeds in moist 
soil (Fig. 1). The stimulus affecting chlamydospore 
germination appeared to be confined to a peripheral 
zone about 1 mm deep around the bean seeds and 
growing roots, especially by the root tips of primary, 
lateral, and adventitious roots. Germination was not 
detected outside this zone. Mature roots appeared to 
have little effect on chlamydospores unless the roots 
were injured. 

Regions of exudation.—Development of the filter 
paper with ninhydrin showed that exudation was pri- 
marily from germinating seeds and root tips of 


primary, laterai, and adventitious roots. The exuda 


tion of ninhydrin-reacting materials appeared to be 
particularly heavy from bean seeds (Fig. 2-A). Most 
of the exudation occurred during the early stages of 
germination. Root exudation was principally from the 
growing root tips as evidenced by the trail of exudate 
(Fig. 2-B.C). The source of the exudate appeared to 
be in the vicinity of the apical meristem, region of 
elongation, and region of developing root hairs. Only 
traces of exudate were detected from mature roots 
unless they were injured or dried. The development 
of lateral roots provided a fresh source of exudate in 
the region of mature roots. Adventitious roots erupt- 
ing from the hypocotyl also yielded exudates. 

Similar patterns of exudation were obtained by 
developing the filter paper with color reagents specific 
for sugars. Only trace amounts of hypocotyl exudate 
were detected when excised hypocotyls were laid on 
filter paper. Nevertheless, an analysis of the wash 
water from 40 excised hypocotyls indicated that there 
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was an exudation of glucose, fructose, sucrose, and 
maltose. 

Effect of amino ac ids and sugars on chlamydospores. 
—Germination and growth of chlamydospores of F. 


solani f. phaseoli were stimulated by adding to the soil 


solutions of aspartic acid, glutamic acid, asparagine, 
glucose, and sucrose—and to some extent, fructose 
and maltose. All had been identified as constituents 


of bean exudate and were present in easily identifiable 
quantities. The application of each chemical to the 
soil at a concentration of 1] excluding maltose and 
fructose, resulted in the germination of about 20-40% 
of the chlamydospores. Maltose 
lated the germination of about 10-20% of the chlamy- 


and fructose stimu- 


dospores. No germination was observed in the con- 
trols. 


varies 


Percentage of germination of chlamydospores 


with such variables as soil type, degree of 


fungistasis, clonal characteristics, and age and viability 


of the chlamydospores. Concentrations lower than 1] 


resulted in markedly lower percentages of germination. 


By combining the amino acids and sugars the concen- 
tration could be lowered to 0.2 without any notice- 
able decrease in germination 
Discussion.—Apparently pathogenesis and survival 
of F. solani f. phaseoli in the soil are largely dependent 
on association with underground plant parts. The 
growing bean plant helps to induce infection by its 


growth into the micro-environment of dormant chlamy- 
through the 
evidenced by the 


dospores. As the plant grows soil, it 


alters the micro-environment as 


germination and growth of the dormant chlamydo- 


The 


proaches Garrett’s (4) description of an ideal resting 


spores. behavior of these chlamydospores ap- 


spore: one that will not germinate under environmental 
fluctuations in the soil in the absence of the host root, 
but that is sufficiently sensitive to host root excretions 
The 


favo! 


germination when stimulated. 


to ensure rapid 


lack of such a stimulus rr nutriment seems to 


dormancy, which may be a factor enhancing survival 


of F. solani f. phaseoli until a suitable substrate, such 


as a bean plant, is present. Pathogenesis is consequent- 
ly dependent on the mass and distribution of inoculum 
in the soil. Infection will take 


lum is close to the underground parts of the bean plant 


place only if the inocu- 


Brown (1) advanced the 


nate, dormant spores may need an external supply of 


hypothesis that to germi- 


an activator because of a fai 


lure to synthesize the sub- 


stance or analog necessary for germination. Chlamy- 


dospores of F. solani f. phaseoli germinate in distilled 


water, sterile soils, and water agar, but not in field 
soil: this suggests that germination may involve an 
overcoming or masking of fungitoxic agents in the soil. 
Nutrient materials have been observed to reduce the 
apparent toxicity in the soil (7, 16, 18). It appears 


that the growing bean plant provides the nutriment 


materials and environmental influence necessary to 


overcome fungistasis. The amino acids and sugars that 
stimulated germination and growth of chlamydospores 
and 
Hinson 


inhibited 


material 
Dobbs and 


unsterilized 


in vitro were constituents of this were 


amounts 


that 


substantial 
found 


present in 


(3) similarly soil 
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the germination of spores of Penicillium frequentans 
Westling and that germination could be stimulated by 
using concentrations of glucose as low as 0.1°7. Spore 
germination with Urocystis tritici Korn, the cause of 
flag smut of wheat, is stimulated by a variety of sub. 
stances and by the roots of several nonhosts as well as 
host plants (11). 

Although bean root tips appear to be a principal 
source of exudate, the fungus lesions appear on mature 
roots. Presumably, as the root tip grows past a chlamy- 
dospore the chlamydospore germinates, forms a thal- 
lus, and infects the maturing root. It appears that 
continued saprophytic growth of the fungus is contin. 
gent upon the quantity of nutrient present, and the 
capability of the fungus to resist fungistasis. The 
growing mycelium may be less sensitive to fungistasis 
since some fungitoxic materials have been reported to 
be generally more active against spore germination 
than against growth or metabolism of mycelium (5, 
iS; 3S 22, en). 
have a stimulating effect on phanerogami 
and nematodes (2, 8, 23, 24). 


Root tips have also been observed to 


parasites 


The exact source of root exudate is problematical. 
Some of the exudate probably consists of materials 
liberated by sloughing and autolysis of cells, and physi- 
cal damage to roots. Root hairs may be a source of 
exudate since reports show root hairs are capable of 
maintaining absorption and exudaticn at the same 
(9). 


in the region of growing root hairs. 


This exudation supposedly occurs mostly 
(17) 


claimed that under certain conditions, the tips of young 


time 
Roberts 
root hairs would burst, eject their contents, and close 
immediately, leaving little evidence of the rupture. An 
analysis of hypocotyl exudate revealed only trace 
amounts of ninhydrin-reacting substances, but clearly 
indicated the presence of the same sugars that stimu- 
lated germination and growth of chlamydospores when 
tested in vitro. From field observations, it appears that 
hypocotyls are more severely infected at the basal 
region, especially early in the season. This is in line 
with the findings reported here that exudation in this 
heavy. Initially, there is a 


region is particularly 


heavy exudation from the germinating bean seed. 
Thereafter, the region receives exudate from the grow- 
ing root tips of primary, lateral, and adventitious roots. 

Since amino acids and sugars have been identified 
in the exudates of many plants, the question arises as 
to the effect of nonhost exudates on the survival and 
saprophytic growth of F. solani f. phaseoli. The patho- 
gen appears to survive readily for long periods in the 
absence of host plants, and the possibility arises that 
survival may be influenced by the ability of the fungus 
to multiply in the rhizosphere of nonhost plants. Plate 
counts have supported this possibility, for F. F. Hen- 
drix that F. 
solani {. phaseoli is more abundant in the rhizospheres 
of several nonhost plants than in soil free from the 
influence of the roots. Germinating seeds of several 
nonhost plants have been observed to stimulate germi- 
solani f. 


and 


(personal communication) has shown 


nation and growth of chlamydospores of F. 


phaseoli. Jackson (6) reported that pea. wheat, 
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lettuce roots stimulated spore germination of F. solani 
and other Fusarium spp. 

The role of plant exudates in parasitism becomes in- 
creasingly significant with investigation. It is now 
evident that the growth of F. solani f. phaseoli is 
limited to the rhizosphere of bean plants and possibly 
various nonhost plants, or other temporary supplies of 
nutrients in the soil. Pathogenesis results from the 
chance association of dormant chlamydospores with 
the underground parts of the growing bean plant. The 
diffusion of materials from underground plant parts 
appears to provide the necessary nutritive and environ- 
mental influence conducive to successful parasitism. 
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SUMMARY 


The sheath nematode (Hemicycliophora arenaria 
Raski) parasitized 10 of 19 host plants tested. Plants 
in the Cucurbitaceae, Leguminosae, Rutaceae, Solan- 
aceae, and Umbelliferae supported reproduction of the 
nematode and developed swollen root tips. The highest 
reproduction occurred on Rutgers tomato. Reduction 
in growth of citrus and tomato plants ranged from 
12% at 25°C to 37% at 30°C. A sandy soil produced 


the greatest increase in nematode population and re- 
duction in growth as compared with a loamy soil and 
a 1:1 mixture of the two. The optimum temperatures 
for reproduction of the nematode on tomato were 30 
and 32.5°C. The formation of swellings on Rough 
lemon roots was due to hyperplasia of the cells sur- 
rounding the feeding site of the nematode. 
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INTRODUCTION.—The sheath nematode (Hemicyclio- 
phora arenaria Raski 1958) was found parasitizing 
Rough lemon nursery stock in the Coachella Valley 


of southern California (1, 2) where it appears to be 


confined to one ranch. The nematode hangs tightly to 


freshly dug roots, can be seen with a hand lens, and 
feeds on the surface of the root tips. The feeding 
causes a stimulation in cell division resulting in gall 


formation of the root tips (3). Galls caused by sheath 


nematodes always occur at the root tips and can be 
distinguished from galls caused by the root-knot nema- 
tode, which the Since H. 


arenaria was the first member of this genus shown to 


usually occur along root. 


produce distinctive symptoms on plant roots, we 
studied its pathogenicity 

OBSERVATIONS AND EXPERIMENTAL ReESULTS.—Host 
range.—Reproduction of the sheath nematode was 
tested on citrus rootstocks in use in California and 


also on other commercial crop plants commonly grown 


in the desert region. Two replicates of each plant were 


infested with 150 hand-picked nematodes and main- 
tained at constant soil temperature of 28-30° C for 3 
months. The roots were checked for galls. Nematodes 


the and soil were recovered by washing 


through a series of screens 


from roots 

Reproduction and gall formation occurred on 10 of 
19 host plants (Table 1) 
the Cucurbitaceae 


These susceptible hosts were 


from Leguminosae, Rutaceae, So- 


lanaceae, and Umbelliferae. The highest reproduction 

occurred on tomato plants where nematodes increased 

from 150 to 1.5 million in 3 Nematode 
} 


reproduction was always associated with swellings on 


months. 


Numerous small swellings were formed 
The 


swellings produced on celery were large multi-branch- 


the root tips. 
on tomato, blackeye bean, pepper, and squash. 


ing growths (Fig. 1,A). Citrus was a relatively poor 
host for this nematode and fortunately only a few of 


the commercially grown rootstocks were sus« eptible 
A citrus relative, Severinia buxifolia, was the best host 
among the woody plants tested 

of the sheath nematode 


Pathogenicity. Populations 


were maintained by infesting Rough lemon or tomato 
seedlings grown in sterilized soil with 100 hand-picked, 
gravid females. These stock populations were main- 


tained at 28—30°C. Nematodes used in the following 


experiments were taken from stock populations. The 
pathogenicity of this species was first demonstrated 
Taste 2. Influence of 250 hand-picked sheath nematodes 


weight of tomato plants 
S 


Ol 


temperature 


Treatment ( Experiment 
Uninfested Rough lemon 25 5 mo 
Infested Rough lemon 25 5 me 
Uninfested Rough lemon 30) 5 mo 
Infested Rough lemon 30) 5 mo 
Uninfested tomato 30 3 mo 
Infested tomato 30 3 mo 

@ Significant at 5% level over the uninfested plants. 

b Significant at 1% level over the uninfested plants. 
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Taste 1. Host and nonhost plants of Hemicycliophora 
arenaria infested with 150 hand-picked nematodes and 
maintained at 28-30°C for 3 months 

No. of 


nematodes 


Host Galls per container 
Citrus spp. and relatives: 
Severinia buxifolia 12,000 
Citrus limon (Rough lemon) 5,100 
C. limon (Dorshapo sweet) 1,250 


C. aurantifolia (West Indian lime) 1,000 
C. reticulata (Cleopatra mandrin) 500 
C. aurantium (Standard sour) _ 0 
C. paradisi (Marsh grapefruit) 
bs. ( Homosassa ) 
Poncirus trifoliata - 
P. trifoliata x C. sinensis (Troyer 
citrange) — 0 
Other hosts: 
Lycopersicon esculentum (Rutgers 
tomato) 
Vigna sinensis (Blackeye bean) 
Capsicum frutescens, var. grossum 


sinensis 


1,546,008 
130,000 


(Pepper) 86,000 
{pium graveolens (Celery) 71,000 
Cucurbita moschata (Squash) 55,000 
Zea mays (Sweet corn) - 13 
Tagetes sp. (Marigold) — 0 
Gossypium hirsutum (Cotton) - 2 
Vitis vinifera (Thompson seedless) — 0 


when each of 10 Rough lemon seedlings was infested 
with 250 hand-picked nematodes; 5 were maintained 
and 5 at 30°C for 5 months. Uninfested seed- 
lings were maintained at the same temperatures. The 
influence of the nematodes on the growth of the plants 
and the number of nematodes recovered from soil and 
Gall production and re- 


at 25 


roots are given in Table 2. 
duction in growth were greatest at 30°C. The influence 
of 30°C on gall production and growth of citrus is 
shown in Fig. 1,B. 

After host-range studies had indicated that tomato 
was a superior host to citrus, tomatoes were included 
in subsequent tests at 30°C. Six tomate plants were 
infested, each with a mass collection of 3,000 nema- 
todes, and maintained in constant-temperature water 
baths for 3 months. During this time, top growth was 
removed twice, dried, and recorded as dry weight. The 
total average dry weights and average numbers of 
nematodes recovered from roots and soil are given in 


Table z: 


on the linear growth of Rough lemon seedlings and dry 


Avg. Avg. Avg. no. 
height dry weight nematodes 
(in.) (g) per container 
21.6 0 
19.08 10,000 
23.4 0 
14.8 160,000 
25.8 0 
17.4” 400,000 
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Along with the obvious symptoms of swellings on 
the root tips, there was a reduction in the total num- 
ber of feeder roots. This in turn reduced the linear 
growth of Rough lemon seedlings by 36% and the 
dry weight of tomato plants by 28% at 30°C. 


Fig. 1. (A) Left: uninfested celery roots. Right: in- 
fested celery roots showing large multi-branched swellings 
produced by H. arenaria. (B) Rough lemon seedlings. Left: 
infested with 250 hand-picked nematodes grown for 5 
months at 30°C. Right: uninfested. 
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Influence of soil temperature—The optimum con- 
stant soil temperature for reproduction of the nema- 
tode was found by infesting each of 24 tomato plants 
with 100 hand-picked nematodes. The plants were 
grown in groups of 4 in soil temperature tanks for 10 
weeks at 20°, 25°, 27.5°, 30°, 32.5°, 


weights of roots were recorded after nematodes had 


and 35°C. Dry 


been collected, and are presented for comparative pur- 
poses, with number of nematodes recovered (Fig. 2). 
The optimum temperature range for reproduction was 
30-32.5°C. Almost no reproduction took place at 20°C. 


Although reproduction was reduced at 35°C, large 
numbers were still recovered from the soil at this 
temperature. The optimum temperature for root growth 


A hove 


root growth decreased as the nematode popu- 


of the infested tomato plants was 27.5°C. 
eit hig 
lation increased. 

Longevity in soil.—Soil containing approximately 
500 nematodes (adults and larvae) per pint—plus any 
eggs there might have been—was stored in six 1-gal 
containers, three each at 25° and 30°C. The soil was 
kept moist and all weeds were removed during the 
experiment. The containers were sampled at monthly 
intervals for 6 months; then, tomato seedlings were 
planted and grown for 2 months at 30°C. The seed- 
lings were removed and examined for galling and pres- 
ence of nematodes. 

During the first month, the population at both tem- 
peratures fell sharply from 500 nematodes per 50 cx 
of soil to 50 nematodes per 50 cc. The population 
stabilized after the second month at approximately 
25 nematodes per 50 cc and remained at that level for 
t months. The number of nematodes surviving storage 
at 30 
nematodes survived the 6-month period of storage at 


decreased at each sampling. A few of the 


each temperature and were capable of producing large 
populations after 2 months in the presence of a host 
plant. The large loss in nematode population during 
the first month was due to the poor survival of all 
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Fig. 2. Influence of temperature on reproduction of H. 
arenaria and resulting dry weights of host tomato roots. 
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Fig. 3. (A) Free-hand drawing of a nematode feeding site from a cross section of a Rough lemon root swelling, 
showing the position of stylet in relation to the host tissue and response of the host tissue to the feeding, stimulus. (B) 


Photomicrograph showing stylet, 


Only the adults were able to sur- 


vive long periods without food 


the larval stages. 
This is in agreement 
with earlier observations made on storage life in petri 
dishes and water (4 

Influence of soil texture The soil at the location 


c 


where this nematode was originally found was 75 


sand, 9% silt, and 16% clay. The first attempt to 
culture this nematode in a greenhouse mix of 46% 


sand, 37% silt, and 17° lay was relatively unsuc- 


A soil consisting of approximately 90% sand, 


5% silt, and 5% clay was then used for 2 of the fol- 


cessful. 


lowing treatments: 100% of the sandy soil, 100% of 
mixture of the 
10,000 


used as the host and 


the above greenhouse mix, and 1:1] 
two soils. Each container was infested with 
nematodes. Tomato plants wer 


harvested 3 


were grown for 5 months. Tops were 
times during this period. Total numbers of nema- 
todes recovered from the containers and total dry 


weights are given in Table 3. Greatest reduction in 
growth of the tomato plants and greatest reproduction 


There 


was no significant change in the nematode population 


of the nematode occurred in the sandy soil. 


and no significant reduction in growth of the tomato 
plants in the greenhouse soil. The mixture was inter- 
mediate. 
Histopathology. 
seedlings, with numerous nematodes attached, were 


fixed with Randolph’s Modified Navashin Fluid and 


sectioned with a freezing microtone into 404 and 60 u 


Large root galls from Rough lemon 


sections. These sections were stained in Orange G 


lactophenol. 
the nematode stylet appeared to be undergoing cell 


The areas in the immediate vicinity of 
division, giving a dense pattern of small cells, as com- 
pared with the larger cells surrounding the area. The 
nuclei were more deeply stained and larger than those 
imbedded 


in adjacent areas. The stylet was usually 


4 


dividing cells, and enlarged nuclei. ‘ 


6-8 cells deep in the cortex. A free-hand drawing made 
from photomicrographs and observations of a feeding 
site is presented in Fig. 3,A. The photomicrograph in 
Fig. 3,B shows the inserted stylet near dividing cells 
which contain hypertrophied nuclei. 

Observations of nematodes feeding on tomato roots 
on water agar in petri dishes indicate that feeding 
initially inhibits cell elongation, evidently because of 
a lack of cell differentiation and maturation. Then 
hyperplasia of the cortex in the feeding sites forms 
the root swellings. If the nematodes are removed, the 
swelling stops and one or more branch roots originate 
from the swelling. 

Discussion.—Although this nematode is at present 
restricted in its known distribution, it is potentially 
an important economic plant parasite. Under opti- 
mum conditions of temperature and soil texture, large 
populations of this nematode build up in fairly short 
periods of time. A wide variety of hosts may be at- 
tacked, and growth may be reduced, as in the hosts 
Immature stages of this 
adults, how- 


studied, by as much as 35%. 
nematode perished during fallow periods; 
ever, were able to survive for at least 6 months at a 
constant temperature of 30°C. 


Taste 3. Influence of soil texture on the reduction in 
growth of tomato plants and on the increase in nematode 
populations 


Avg. no. 
nematodes 
per container 


Avg. dry weight (g) 


Soil treatments Uninfested Infested 


100% sandy soil 32.4 21.7> 700,000" 
90% sand-50% topsoil 33.9 28.98 50.000 
100% topsoil 31.5 30.6 10,000 


' Significant at 5% level. 
b Significant at 1% level. 
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The observations and studies on the feeding habits 
of H. arenaria and on the histopathology of the host 
indicate a physiological stimulus is produced by the 
nematode. The stimulus alters the host in the follow- 
ing way to produce a substrate necessary for the nem- 
atode: Initial feeding by a few nematodes (larvae or 
adults) almost immediately inhibits the process of 
cell elongation at some distance from the feeding site. 
Cell division continues in the apical meristem (feed- 
ing site), probably at an accelerated rate. The nuclei 
are prominent and somewhat hypertrophied. This proc- 
ess continues as long as the nematodes feed. Removal 
of the nematodes allows the return of apparently nor- 
mal root growth. Finally, among the host plants 
tested, gall production always occurred on the hosts 
that supported reproduction of the nematode, and 
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only on those hosts. This is in contrast to Meloidogyne 
spp. which may produce galls on host plants that are 
not capable of supporting reproduction. 
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SUMMARY 


It was recently postulated that the cabbage aphid 
(Brevicoryne brassicae L.) carries transmissible cab- 
bage virus B on its stylets after short acquisition 
feedings on an infected plant, but carries the virus 
elsewhere after some hours on the source. We ob- 
tained no evidence that B. brassicae carries trans- 
missible virus B other than on its stylets. When 
aphids fed for some hours on infected plants and 


their stylets were treated with dilute formalin or 
irradiated with ultraviolet light, all but occasional 
ones ceased to transmit virus B. By contrast, the 
same treatments did not seem to affect the aphid 
transmission of 3 viruses that persist in their vec- 
tors; barley yellow dwarf virus, sugar beet yellow 


net virus, and turnip latent virus. 





IntRODUCTION.—The cabbage aphid (Brevicoryne 
brassicae L.) seems to transmit cabbage virus B in a 
way that is not characteristic of most viruses that do 
not persist for long in their vectors. Some of the un- 
characteristic features reported are: 1) pre-acquisi- 
tion fasting has little or no effect on transmission (6, 
7); 2) prolonging acquisition feeding time increases 
the level of transmission (5, 6, 7), and 3) B. bras- 
sicae retains virus B for some hours after leaving in- 
fected plants (5, 6, 7). Chalfant (5) recently reported 
a bimodal curve of transmission efficiency based on 
different acquisition feeding times. A summary curve 
of his experiments showed peaks of maximum trans- 


mission after acquisition feeding times of 5 minutes 


and 8 hours, and a trough at 15 minutes. He pre- 
sented evidence that the cabbage aphid transmits virus 
B nonpersistently after short probes on the source 
plant, during which the virus was carried by the sty- 
lets. The virus was transmitted semipersistently, how- 
ever, after aphids had fed some hours on source plants 
and the virus was then located elsewhere, presumably 
internally. The main evidence for this was that when 
aphids had probed the source briefly, formalin treat- 
ment of the stylets caused them to cease transmitting. 
After they had spent some hours on the source, how- 
ever, formalin treatment of stylets did not cause them 
to cease transmitting. 

Since Chalfant’s was the first claim that an aphid 
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transmits one virus in two ways, we decided to study 


it further. Presumably, 


B. brassicae transmits virus 
B via its stylets after brief probes (2, 5); we there- 
fore confined our studies to the newly postulated semi- 


persistent part of the bimodal transmission pattern. 
Metuops.—The strain 
Shepherd, Madison, 
the 
Also used were 3 viruses 
beet yellow net 
Berkeley, Calif.; turnip 
MacKinnon, Fredericton, N. B.; 
field-infected 
the vectors, and 


MATERIALS of cabbage 


virus B used, obtained from R. J 


AND 


Wis., is supposed to have been derived from 
strain used by Chalfant (5) 
that persist in their aphid vectors: 
virus, from E. S. Sylvester, 
latent virus, from J. P 
and barley yellow dwarf virus 
plant near Fredericton. The 


the plants used as both source and test plants were: 


irom a 
viruses, 
and Bras- 


cabbage virus B, Brevicoryne brassicae (L.), 


sicae oleracea (cauliflower barley yellow dwarf, 
Rhopalosiphum fitchii-padi (complex), and Hordeum 
vulgare (barley); beet yellow net, Myzus persicae 
(Sulz.), and Beta vulgaris (sugar beet); and turnip 


latent, Myzus persicae (Sulz und Physalis floridana. 


In experiments with virus B, all aphids fed on in- 


fected plants overnight; with the other viruses, they 


fed on the source for several days. Since most aphids 
I 


had their stylets inserted some distance into the source 


plants after all feeding times, they 
labium could be 


were anesthetized 
manipulated 
as needed. The 
that of the 
stylets with formalin or ultraviolet radiations, has been 


in situ, after which the 


to expose more or less of the stvlets 


method of doing this, as well as treating 


described (3, 4). In tests with formalin, the stylets 
were inserted for 30 seconds into a capillary tube 
filled with 0.25% or 1.0% formalin. As controls, other 
aphids were treated the same way but with water 
Aphids exposed to ultraviolet radiations were held for 
1 minute in front of a mercury-vapor discharge lamp 
at a distance where the intensity of irradiation of 2537 


A was about 10 mw per cm”. Each treated aphid was 


allowed to feed for a day or more on a young healthy 


test plant to learn if it would transmit virus 
RESULTS. When B. brassicae fed 


plants infected with cabbage vir 


overnight on 


is B, formalin treat- 


ment of the distal ends of the stylets caused all but 
one aphid to cease transmitting virus, whereas 40% 
of the aphids transmitted the virus after their stylets 
were treated with water (Table 1). In contrast, form- 


alin treatment of the stylets of aphids carrying a per- 


reduce the numbers of transmis- 
all four 


iphids were 


sistent virus did not 
(Table 1). In experiments, 
randomly selected tested for 
without any treatment of their mouthparts. The trans- 


sions series of 


infectivity 


mission results for these aphids have been omitted 
because they were only slightly higher than those of 


aphids whose stylets were treated with water. This 
slight difference was probably due to the fact that 
anaesthetizing aphids and manipulating their mouth- 


parts makes them reluctant to feed for awhile after 

recovery, and possibly injures an occasional aphid. 
Table 2 summarizes the results of experiments in 

which aphids were irradiated with ultraviolet light. In 
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TaBLe 1. Effect of treating the stylet tips of aphids with 
dilute formalin on the transmission of previously acquired 
virus 

Tip of stylets inserted 30 seconds in 
Formalin 
Virus Water 0.25% 1.0% 
Cabbage B 16/40° 0/40 1/40 
Turnip latent 8/37 9/38 
Barley yellow dwarf 10/17 9/17 
Beet yellow net 8/15 10/13 


“Number of test plants infected/number colonized with 
| aphid eat h. 
Taste 2. Effect of exposing aphid stylets to ultraviolet 
radiations on the transmission of previously acquired virus 


Distance Transmission 


stylets 
bared Cabbage Barley yellow 
lreatment (u) virus B dwarf virus 
Not irradiated 15 22/48" 10/19 
Irradiated 1 min. 0 15/48 
15 1/48 
> 15 0/48 8/19 


‘Number of test plants infected/number colonized with 
l aphid each. 


one series, cabbage aphids did not transmit virus B 
if the tip 154 of their stylets or more were exposed 
their 
In similar tests with 


to the radiations, but did so if irradiated with 
stylets ensheathed in the labium. 
barley yellow dwarf virus, which persists in its vector, 
exposing the stylet tips to ultraviolet radiations did 
not seem to affect transmission. 

When we treated the stylets of B. 
brassicae with formalin or exposed them to ultraviolet 


DISCUSSION. 


radiations, the effect on transmission of cabbage virus 
that obtained with potato 
1) and other viruses that do not persist 


B was similar to earlier 
virus Y (3, 
in their aphid vectors (2, 8). On the assumption that 
these two treatments would inactivate virus carried 
by the stylets, we conclude that cabbage virus B is yet 
another virus that aphids carry on or within their 
stylets even after they have fed for some time on in- 
fected plants. 

In contrast to carrying virus on their stylets, aphids 
also transmit viruses that are believed to pass inter- 
nally through the vector. Once aphids acquire these 
viruses, they are able to transmit them for days and 
often for life. In our tests with 3 viruses that persist 
in their vectors, treating the stylets in ways assumed 
to inactivate virus did not affect transmission, further 
such viruses are carried internally. It 
that not affect the 
feeding behavior in ways that prevented transmission. 

\ point that calls for comment is why our results 
differ from those of Chalfant (5). At first we treated 
the stylets with 1% formalin, whereas Chalfant used 


0.25%; 


evidence that 


also shows these treatments did 


thus, it seemed possible that stronger formalin 
was needed to inactivate virus B on the stylets after 
feedings. Nevertheless, 
and 1.0% 


long acquisition subsequent 


tests with both 0.25% formalin showed no 
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difference in transmission. Our source of cabbage 
virus B appears the same as that used by Chalfant 
(5), but our strain of B. brassicae was not. Different 
strains of aphids have been shown to vary in the effi- 
ciency with which they transmit certain viruses (1). 
It is therefore possible—but seems improbable—that 
our strain of B. brassicae transmits virus B by one 
mechanism whereas that used by Chalfant by two, as 
he postulated. Why our results differ from those of 
Chalfant remains unsolved. 
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SUMMARY 


Continuous exposure of an isolate of Sclerotinia 
fructicola and of S. laxa to <Acti-dione, dodine, 
ferbam, Phaltan, and dichlone at concentrations 
higher than the levels toxic to these fungi resulted 
in development of a temporary resistance against 
some. The S. fructicola isolate grew on the higher 
concentrations of Acti-dione, dodine, and Phaltan; 
and the S. laxa isolate grew on higher concentra- 


tions of Acti-dione and Phaltan only. The adapta- 
tion process was coupled with some morphologi- 
cal changes in colony characters. Adaptation was 
specific for the respective fungicides, and did not 
involve genetic selection, since the adapted isolates 
eventually reverted to the parent types after grow- 
media without any 


ing for 2-5 generations on 


fungicide. 





InTRODUCTION.—Adaptation or development of re- 
sistant strains of bacteria, particularly when treated 
with antibiotics, is reported in the literature. Fungi. 
in contrast, seem not to react to fungicides so spec- 
tacularly even though some chemicals have been used 
against fungi in the field for many years. Taylor (8) 
presented evidence for the development of resistant 
strains of spores of Physalospora obtusa (Schw.) Cke. 
in orchards where copper fungicides were used con- 
tinuously. Mader and Schneider (4) studied the 
tolerance to copper sulfate of monoascosporic isolates 
of Sclerotinia fructicola (Wint.) Rehm. and found 


that cultures could be trained to tolerate high con- 
Parry and Wood (5, 6, 


centrations of the chemical. 


7) recently studied the adaptation of Botrytis cinerea 
Deb. to organic and inorganic chemicals and reported 
the development of genetically resistant strains of the 
fungus that grew at very high concentrations of the 
chemicals used. They were unable to produce similar 
resistant strains of Venturia inaequalis (Cke.) Wint. 
by the same methods. Horsfall (3) considered that, 
with the use of newer chemicals, which are rather 
selective and more specific in their actions than many 
of the older fungicides, resistant strains of fungi are 
likely to appear frequently and become of 
greater practical importance. Because of this, the 
possibility was investigated of adapting two brown- 
fructicola and S. laxa 


more 


rot-inciting organisms—S. 
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Taste 1. Adaptation of Sclerotinia fructicola to in 
creased concentrations of Acti-dione, dodine, and Phaltan 
Maximum 
Inoculum concentration 
from eriod of (ug/ml) 
cultures grown growth allowing growth 
Test chemical at (ug/ml) weeks) from inoculum 
Acti-dione 0.0 0) 8.0 
8.0 ) 10.0 
10.0 15.0 
15.0 } 7.5 
17.5 20.0 
20.0 | 22.5 
Dodine 0.0 20.0 
20.0 2 24.0 
24.0 2 30.0 
10.0 } 59.0 
55.0 } 10.0 
10.0 | 12.5 
12.5 } 15.0 
Phaltan 0.0 0 20.0 
20.0 95,0 
25.0 1 32.5 
2 37.5 
7.5 1 50.0 
0.0 | 60.0 
60.0 j 62.5 
Aderh. & Ruhl.—to grow at high concentrations of 
some fungicides that have been useful in controlling 


brown rot in the field. The magnitude of the adapta- 
tions of the two fungi also was studied 

MATERIALS AND MetHops.—The isolate of S. fructi 
cola was obtained from infected sour cherry fruits of 
the Early Richmond variety, and that of S. laxa was 
obtained from infected spurs of sour cherry variety 
Montmorency—both from Door County, Wis. Subcul 


tures from single conidial isolates were used in all the 


studies. The fungicides used were: Acti-dione 
chemically pure 2. (3,5-dimethyl-2-oxycyclohexy])- 
2-hydroxyethyl|-glutarimide (Cycloheximide) ; dodine 

chemically pure n-dodecylguanidine acetate; Fer- 
mate—76% ferric dimethyldithiocarbamate (ferbam) : 
Phaltan—50% __n-trichloromethylthiophalimide; and. 
Phygon XL—50%  .3-dichloro-1,4-naphthoquinone 
(Dichlone). 

Trommer’s malt-extract agar medium (Trommer’s 


extract of malt, 25 g: agar, 17 
to make 1 liter) 
centration, dispensed in 50-ml | 
cal bottles, and sterilized. Stock solutions of the fungi 


ind distilled water 


was prepared twice the final con 


ions in pharmaceuti 


cides were freshly prepared by dissolving the chemi- 
cals in sterile distilled water or in 25% ethanol, if in 
soluble in water. Stock solutions were pipetted into 
proper volumes of sterile distilled water in 100-ml 
Erlenmeyer flasks to give 50 ml of the fungicide at 
twice the final desired concentration. The diluted 
fungicides were added to partially cooled medium 
(about 45°C) in the pharmaceutical bottles and 


shaken well: 25 ml of the mixture were poured into 


each of 4 petri dishes and lowed to gel. Several 


used for eac] 


concentrations of each fungicide were 
treatment. Four discs (about 5 mm diameter) of 
inoculum from 5- to 7-day-old cultures growing on 
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malt extract agar medium were placed on each petri 
dish, and 4 replicates were used for each treatment 
with each fungus. The inoculated petri dishes were 
incubated 2-4 weeks at 24-26°C. When mycelial growth 
appeared from one or more discs on the medium con- 
taining increased concentrations of the fungicide, sub- 
cultures from this growth were made on media con- 
higher concentrations of the 
This process was repeated until a 
concentration was reached on which no growth was 
obtained. The pH of the medium was maintained at 


taining progressively 


same fungicide. 


6.0-6.5 in all cases. 


Resutts.—Sclerotinia fructicola—The process of 
adaptation was begun at fungicide concentrations 


lower than those required to inhibit mycelial growth 
of the fungus as earlier Since 
mycelial inhibition had been obtained with Acti-dione 
at 10 ug/ml, the adaptation process for this chemical 


determined (2). 


was begun at 8ug/ml. After being grown for 2 weeks 
at this concentration, subcultures were made on media 
and 16 ug/ml of Acti-dione. 
Growth was obtained only on medium containing 10 


containing 10, 12. 14, 


ug/ml. Subcultures were then made on media con- 


Acti- 


growth 


progressively higher concentrations of 
This until no 
was obtained at a concentration higher than 22.5 u 


taining 


r 


dione. process was continued 
g/ml 
of Acti-dione even after 4 weeks incubation or repeated 
subculturing at 22 ug/ml. 


Similar treatment was given with other fungicides. 
but evidence of adaptation was obtained only with 
dodine Phaltan, in addition to Acti-dione. The 
concentrations of dodine and Phaltan required to in- 
hibit mycelial growth of this organism had been. re- 


and 


spectively, 25 and 24 ug/ml (2); the adaptation proc- 
The 
isolate was adapted to grow up to a concentration of 
15 ug/ml of dodine, and 62.5 ug/ml Phaltan. The re- 


ess for these fungicides was begun at 20 ug/ml. 


sults are presented in Table 1. 


Taste 2. Adaptation of Sclerotinia laxa to increased 
concentrations of Acti-dione and Phaltan 
Maximum 
Inoculum concentration 
from Period of (ug/ml) 


cultures grown = growth allowing growth 


lest chemical at (ug/ml) (weeks) from inoculum 
Acti-dione 0.00 0 0.03 
0.03 2 0.06 
0.06 2 0.10 
0.10 3 0.17 
0.17 3 0.50 
0.50 4 0.75 
0.75 4 1.00 
1.00 4 25 
Phaltan 0.00 0 20.00 
20.00 2 26.00 
26.00 z 32.00 
32.00 3 12.50 
$2.50 3 17.50 
17.50 4 52.50 
52.50 ] 55.00 
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Sclerotinia laxa.~—By the same procedure, the S. 
laxa isolate was adapted to grow on media containing 
increased concentrations of only Acti-dione and 
Phaltan—raising the respective concentrations for in- 
hibition of mycelial growth from 0.05 and 24 ug/ml 
(2) to 1.25 ug/ml and 55 ug/ml. The results are pre- 
sented in Table 2. 

Colony characteristics of the adapted isolates-—The 
adapted isolates of the 2 fungi grew very slowly, 
and the mycelium formed a dense fringe on the agar 
surface. This fringe produced a darkly pigmented, 
slightly convoluted, mycelial crust with a texture simi- 
lar to that of a young sclerotium. Growth was en- 
tirely superficial, and very few hyphae penetrated the 
agar. The mycelial pad could be readily detached 
from the medium. The characteristic lobe formation 
of S. laxa was lacking, though the margins of the 
colonies remained irregular. No sporulation was seen 
in any of the adapted cultures. 

Magnitude of adaptation—The adapted isolates of 
S. fructicola and S. laxa differed markedly from the 
parent isolates, especially in colony character and 
toleration to specific fungicides. 
to grow at increased concentrations of Acti-dione did 


An isolate adapted 


not grow on media containing increased concentrations 
of Phaltan, and vice-versa. An isolate adapted to grow 
at increased fungicide concentrations grew much 
faster at slightly lower concentration of the same 
fungicide than the isolate previously adapted only at 
this concentration. The adapted isolates, when grow 
on normal media without any fungicide, soon reverted 
to parental type, gradually losing their capacity to 
grow at increased concentrations. After 1 transfer 
on media with no fungicides, adapted isolates could 
be grown at increased concentrations of the respective 
fungicide only after a long period of incubation. The 
adapted isolate of S. fructicola usually reverted to the 
parental type after 2-3 generations on media with no 
fungicide, whereas it took 5-6 transfers before the 
S. laxa isolate reverted to the parent type. Loss of 
adaptation, however, was gradual in both fungi. 
Discussion.—The property of selective adaptation 
of the S. fructicola isolate to grow at increased con- 
centrations of Acti-dione, dodine, and Phaltan; and of 
the S. laxa isolate to grow on increased concentrations 
of Acti-dione and Phaltan only, was borne out in the 
present investigations. Since the adapted isolates re- 
verted to the parental types after growing for 2-5 gen 
erations on media with no fungicide, the phenomenon 
temporary resistance rather than 
genetic selection. Parry and Wood, (5, 6, 7) in 
studies on adaptation of Botrytis cinerea to organic 


seemed purely 


and inorganic chemicals, reported a genetic selection 
in the resistant strains that grew on increased con- 


centrations of the chemicals. Those selected strains, 
they pointed out, were able to transmit their resistance 
through conidia or mycelium for a few generations. 
but nevertheless reverted to parental types. In the 
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present studies, the adapted isolates could grow at a 
lowered concentration of the specific fungicides for 
only 1 generation without losing their ability to grow 
at the higher concentration. Buxton (1), in a recent 
review on adaptation in microorganisms, suggests that 
neither mutation nor enzymic adaptation theories com- 
pletely explain various kinds of adaptations. Parry 
and Wood (7) suggested that resistance to fungicides 
was built up by fungi gradually if inoculum did not 
come in close proximity to media containing higher 
concentrations of fungicides. Lack of proximity al- 
lowed the mycelium to grow and subsequently become 
adapted to higher concentrations of fungicides. The 
present studies indicate that when the inoculum disc 
was put on medium containing an increased concen- 
tration of fungicide, the medium of the initial inocu- 
lum provided a base for new mycelial growth. 


Freshly grown mycelium from the inoculum was 
well enough adapted to withstand a certain increase 
in fungicide concentration in the medium. As pointed 
out by Parry and Wood (7), increased resistance of 
the hyphae depended on a reduced permeability of the 
cell wall to the fungicides. This might also be asso- 
ciated with a reduction in permeability to essential 
nutrients, resulting in poor growth of the organism. 
Slow growth of adapted isolates was a consistent fea- 
ture in the present studies. The possibility of produc- 
tion of adaptive enzymes during the process of adapta- 
tion is more likely than selection of resistant mutants. 
Since the 2 fungi did not sporulate at increased 
fungicide concentrations, the probability of the suc- 
cessful establishment of temporary mutants is remote. 
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SUMMARY 


\ mosaic disease ot Hibbe rtia volubilis, of wide- 
spread occurrence in the coastal areas of California. 
was found to be caused by strains of the common 
cucumber mosaic virus (CMV). The virus was me- 
chanically transmitted with difficulty from 8 Hib- 
bertia clones to 13 host species; and with ease from 
8 sub-inoculated Nicotiana glutinosa plants. Percent- 
age of transmission from Hibbertia to test plants 
was doubled by growing diseased source plants at 
60°F for 4 weeks 
were 


Although symptoms on the 13 
hosts uniformly compared well 
with symptoms induced in these hosts by 3 known 


mild, they 


strains of common CMV, and with descriptions in 
the literature. Physical properties of the 8 iso- 
lates were identical to those of 2 strains of CMV 
for CM\ 


and to those reporte inactivation in 10 


minutes at 70°C, a dilution end point of 1:100,000 
and aging in vitro at 5 days. Each of the 2 CMV 
isolates protected against local lesion formation on 
cowpea by each of the 8 Hibbertia isolates, and 
each of the 8 Hibbertia isolates protected against 
the CMV1 strain. Symptoms on Hibbertia clones 
1 and 3 were very severe at a constant temperature 
of 10° and 15°C, severe at 20°C, moderate at 
23.3°, and mild at 26.7°C. Some virus-free termi- 
nal shoots were produced when mosaic-affected 
Hibbertia plants were grown at temperatures that 
averaged 28.3°C; when temperatures averaged 
32.8°C, all terminal shoots were free of virus. The 
virus was not inactivated in the diseased plants at 
either temperature. In limited tests, the virus was 
not readily transmitted from diseased plants to 
healthy cuttings with a cutting knife. 





IntRopucTION.—In California, the Guinea Gold 
vine, Hibbertia volubilis Andr. (H. scandens (Wild) 
Gilg.), is affected with mosaic symptoms so com- 
monly that not a single healthy plant has been ob- 


served either in home plantings or in nurseries. 
The Guinea Gold vine is native to Queensland and 
New South Wales, where it grows as a prostrate or 
twining shrub with solitary yellow flowers. In Cali- 
fornia it is grown primarily in the cool coastal areas 
where it fails to produce seeds; thus clonal propa- 
gation is necessary and is suspected as being the ma- 
jor factor responsible for the high incidence of mosa- 
ic-affected plants. 

Inoculations Hibbertia 


was present in affected 


showed that a virus 


This 


transmission, physi- 


from 
plants paper reports 
studies on symptoms, host range, 
cal properties, temperature relations, and a method 
of obtaining virus-free plants. 
has been published (1). 
MATERIALS AND Metuops.—Eight 
volubilis affected with 
types and degrees of severity were studied. 
uses recovered from the 8 clones are referred to as 
isolates 1-8, and the respective plants as clones 1-8. 


A preliminary account 


of H. 


symptoms of varying 


{ lones 
mosalt 


The vir 


Six of the 8 isolates were maintained in the 6 original 
Hibbertia clones, and no special methods of purifi- 
cation were used. 
no evidence of 
strains, but 
development of a bright yellow mosaic in occasional 
test plants instead of the usual yellowish-green mot- 
tle. These 8 clones, and 6 others which were studied 
less intensively, were obtained from various nurseries 
Plants 


During the study, 6 clones showed 


being infected with a mixture of 


inoculum from clones 5 and 6 caused 


and home plantings in southern California. 


from 6 of the 8 clones were used in the temperature 
when freed of ex peri- 
ments involving transmission from mosaic-affected 
Hibbertia to virus-free Hibbertia. Nicotiana glutinosa 
L. was usually used as the source plant because of 
low transmission from Hibbertia. 

Mechanical grinding 
infected leaves with a mortar and pestle, and di- 
luting the extract with equal parts of Mcllvaine’s 
phosphate-citrate buffer (pH 7). The extract was 
rubbed lightly over leaves of test plants that had 
been previously dusted with celite or Carborundum 


experiments; and, virus, in 


inoculations were made _ by 


powder and the leaves washed with tap water. 

Plants were grown in a steam-sterilized sand-peat 
mix, and were fertilized weekly with a liquid mix- 
ture containing both macro- and micro-elements. In- 
oculations were usually made when plants were in 
the cotyledon or the first or second true-leaf stage; 
5-30 plants were used per test. Recovery inoculations 
were made to suitable indicator plants, usually N. 
glutinosa L., Spinacia oleracea L., or Chenopodium 
amaranticolor L. 

Field and greenhouse symptoms.—Naturally infect- 
ed Hibbertia plants manifested mild to severe leaf 
mosaic, leaf deformation, stunting, and usually, con- 
siderable leaf chlorosis or yellowing. Leaf deforma- 
tion occurred as a change in shape, margins, and in 
the surface, which usually became rough and irregu- 
lar, due to raised veins and sunken interveinal tissue. 
Flower set and flower size also appeared to be re- 
duced. 

Symptoms were severe, persistent, and completely 
systemic during the cooler months of the year; dur- 
ing the warmer months, symptoms tended to be mild 
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Fig. 1-4. 1) Leaves of H. volubilis affected with (a) 


healthy leaf. 2) Symptoms caused by cucumber mosaic virus isolates 1, ; 


2. 4) Symptoms caused by isolates 5 and 6. 


systemic, particularly fol- 
Although consider- 


and usually incompletely 
lowing periods of rapid growth. 
able seasonal recovery occurs, observations indicate 
that the effects of the disease are cumulative and 
that old plantings are considerably reduced in size 
and vigor. 

The initial systemic symptoms on inoculated plants 
in the greenhouse were irregular yellow-green blotch- 
es that first appeared on young foliage. The spots, 
which varied from 0.5 mm-2.0 cm, were mostly cir- 
cular, and frequently were delimited by the veins. 
This was followed by the general mosaic, stunting, 
and deformation of leaves that characterize the dis- 
ease in the field. Notably absent, however, were 
the conspicuous leaf yellowing and chlorosis that are 
frequently associated with the disease in the field. 
It was learned early in these studies that Hibbertia 
suffers readily from mineral deficiency, resulting in 
a marked chlorosis and yellowing of the interveinal 
areas (Fig.1). Frequent application of fertilizers in 
the greenhouse has almost completely eliminated this 
condition in healthy and diseased Hibbertia. 

Isolates 1, 3, 4, 7, and 8 caused a mild greenish- 
yellow mosaic (Fig. 2). Isolate 2 produced a bright 
yellow mosaic (Fig. 3) and isolates 5 and 6 (Fig. 4) 
strong mosaic 


considerable leaf distortion and a 


mosaic and mineral deficiency, (b) mineral deficiency, (c) 


3, 4, 7, and 8. 3) Symptoms caused by isolate 


islands of dark 
tissue and large areas of greenish yellow. All iso- 
produced oak leaf and ring pat- 


mottle, consisting of small green 
lates occasionally 
terns on old leaves. 

Since Hibbertia plants 


free of mosaic symptoms were not available initially, 


Vechanical transmission. 


sap-transmission was attempted from the 8 mosaic- 
affected clones to plants of N. glutinosa, N. tabacum, 
Capsicum annuum, and Lycopersicon esculentum, 
Virus was transmitted from all the mosaic-affected 
Hibbertia clones; 
to 10%. Symptoms on these hosts were suggestive of 
infection by mild strains of cucumber mosaic virus. 
glutinosa, Spin- 


transmission varied from a trace 


Further, sap-transmission trials to N. 
acia oleracea, Beta vulgaris, Cucumis sativus, Capsicum 
annuum, Vigna sinensis, Chenopodium amaranticolor, 
Cucurbita pepo, Datura stramonium, and Zinnia ele- 
gans confirmed the difficulty of virus transmission 
from Hibbertia. Yarwood’s leaf disc method (4), 
employing fresh material, also was tested, but was 
less efficient than the sap-transmission technique. In 
an attempt to obtain improved recovery of the virus, 
clones 1 to 6 were placed in a 15.5°C constant temper- 
After 4 weeks, 


infective sap from the 6 clones growing at 15.5°C 


ature chamber in the greenhouse. 


was compared with sap taken from a 2nd set of 
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plants of the same 6 clones growing in the green- 
house. Percentage recovery improved 12-21%. 


Because of the low percentage of transmission from 
I 


Hibbertia, a more efficient source plant was needed. 
Inoculum from Hibbertia clones 1 to 6 was compared 
with similar inoculum taken from each of 6 inocu- 


lated N. glutinosa plants; comparisons were made 
on the 13 plant species previously named. Almost 
100% transmission was secured on all hosts with 


1 inoculum from Hib- 


inoculum from JN. glutinosa; wit 
bertia, transmission varied from a trace to 20% 
Virus was easily recovered from most of the test 
plants and with difficulty from Spinacia oleracea, 
Capsicum annuum, and Beta vulgaris. Since symptoms 
on the test plants were identical, irrespective of in- 
oculum source, NV. glutinosa was used as the source 
of virus in subsequent sap transmission trials. 

Sap transmission from the 8 mosaic-affected Hib- 
bertia clones to virus-free plants of H. volubilis was 
done twice. The virus-free plants had been obtained 
by growing mosaic-affected plants at temperatures 
above 83°F, and subsequently removing and propa 
gating the new terminal shoot growth which frequently 
was free of virus. Parallel inoculations to virus-free 
Hibbertia were made with inoculum of isolates 1 to 8 
obtained from infected N. glutinosa. Symptoms de 
veloped 214-7 weeks after inoculation, and were 
identical or nearly identical with those manifested 
by the respective clone, whether inoculum was ob- 
tained directly from the clones or indirectly from 
N. glutinosa. Percentage transmission was low. it 
averaged 12% and varied from a trace to 40%. Re- 
covery inoculations were made to C. amaranticolor 
and to N. glutinosa 





Transmission by cutting knife——Possible trans 
mission of the virus from diseased to healthy plants 
by cutting knives used in propagation was investigated 
by passing a scalpel blade through the leaves and 
stem of a plant showing severe mosaic symptoms 
The knife was then used to cut and prepare 10 
Hibbertia cuttings that were removed from a healthy 
virus-free plant. Of 110 cuttings, 38 have survived 
and have been observed for 6 months. To date, the 
original cutting source plant and all cuttings have 
remained virus-free. 

In a second trial, the knife blade was dipped into 
a crude virus extract following each cutting. Of 90 
cuttings, 23 survived, and onl | plant developed 
mosaic symptoms after 6 hs. Positive sap trans 
mission to C. amaranticolor, S. oleracea and C. sati 
vus confirmed the presence of the virus in this plant 
The healthy plant from which cuttings were taken 
remained virus-free. The single instance of positive 


transmission could have resulted from insect trans 
mission. These limited data indicate that the Hib 
bertia mosaic virus is either never or not readily 
carried on the cutting knife, and that transmissio1 
by this means cannot account for the very high prev 
alence of Hibbertia mosalk ymmmer< ial and home 
plantings. 


Seed transmission Data on seed ti insmission were 
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not obtained, since a single shipment of 3- and 4. 
year-old seeds furnished by G. W. Althofer from 
Australia failed to germinate. As menticned previ- 
ously, mosaic-affected Hibbertia plants do not pro. 
duce viable seeds in California. Pollen grains col- 
lected in each of 2 years from anthers of different 
ages were shrunken and shriveled when viewed un- 
der the microscope, and did not germinate on water 
agar in petri plates. This suggests that the failure 
of H. volubilis to produce seeds may be due to for- 
mation of nonviable pollen. 

Host range-—Because symptoms produced on test 
plants resembled infection by CMV, isolates 1-8 were 
compared with 3 strains of CMV on Beta vulgaris L. 
(sugar beet var. Spreckles S.4), Chenopodium ama- 
ranticolor L., Spinacia oleracea L. (spinach var. 
Prickly Winter), Datura stramonium L., Zinnia ele- 
gans Endl. (zinnia var. Will Rogers). Cucumis sati- 
vus L. (cucumber var. National Pickling and Ohio 
MR17), Cucurbito pepo L. (pumpkin var. Small Su- 
gar), Vigna sinensis (Torner) Savi (cowpea var. 
Blackeye 5), Capsicum annuum L. (pepper var. Cali- 
fornia Wonder Bell), Lycopersicon esculentum Mill. 
(tomato var. Pearson), Petunia hybrida Vilm. ( gard- 
en petunia select garden mixed), N. glutinosa L.., 
and N. tabacum L. Two of the CMV strains were 
obtained from R. G. Grogan, and the third, the 
Wisconsin 14 strain, from A. O. Paulus. 

Symptoms produced on the 13 hosts by the 8 iso- 
lates were very similar to (although uniformly less 
severe than) symptoms produced by the 3 strains of 


CMY. These symptoms agreed closely with those 
described for common cucumber mosaic (3). None 
of the 8 isolates was lethal to any of the 13 host 


species tested; the isolates were notably mild on 
spinach, cucumber, pepper, and tomato—host species 
that are normally killed or severely injured by com- 
mon strains of CMV. Strains of CMV that are aviru- 
lent on tomato are apparently common in England 
(3). Isolate 2 differed from the other isolates by the 
yellow mosaic it incited in N. glutinosa and spinach. 
Isolates 5 and 6 were usually slightly more patho- 
genic on the 13 hosts tested than were the other iso- 
lates. 

Transmission was secured from 6 additional mosa- 
ic-affected Hibbertia plants to S. oleracea, C. sativus, 
C. amaranticolor, and N. glutinosa. Four of the 6 

, 


isolates produced mild symptoms similar to the { 
lates described previously; the 2 remaining isolates 
produced severe cucumber mosaic symptoms on spin- 
ach and cucumber. The spinach plants were killed 
2-3 weeks after inoculation. 

Physical properties of the virus.—Physical property 
studies of the virus were made with extracts from 
infected Hibbertia and from N. glutinosa. The ex- 
tracts were filtered through cheesecloth and centri- 
fuged at 4,500 rpm for 15 minutes. The supernatant 
was removed and 15 ml portions were placed in thin- 
walled Pyrex test tubes. For the thermal inactivation 
determinations, the tubes were submerged in a circu- 
lating water bath maintained at the desired tempera- 
ture (+0.5°F) for 10-minute periods. Each tube 
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was cooled rapidly with running water, its contents 
poured onto a cheesecloth pad, and the pad rubbed 
over the upper leaf surface of C. amaranticolor and 
N. glutinosa test plants. Studies of the longevity of 
the virus in vitro were made by storing the test tubes, 
prepared as above, at room temperatures (20.5- 
96.6°C). and at appropriate intervals the content of 
a single test tube was removed and used to inoculate 
test plants. In the dilution end point tests, a dilution 
series was prepared, 1:100-1:1,000,000 and the result- 
ing dilutions inoculated separately on a series of 
test plants. Physical property characteristics of the 
8 isolates, which were compared with those of the 
Wisconsin 14 strain of CMV and strain CMV1 of 
Grogan, were identical with respect to the following: 
1) dilution end point of 1:100,000; 2) aging in 
vitro of 5 days; and 3) thermal inactivation at 70°C. 
Physical property characteristics of each isolate were 
very similar whether virus was recovered from H. 
volubilis or N. glutinosa. Smith (3) reports longevity 
in vitro of CMV between 72 and 96 hours. In these 
tests, a few plants inoculated with 5-day-old sap from 
each of the 2 CMV strains and each of the 8 Hib- 
bertia isolates developed typical symptoms, indicating 
that CMV is not always inactivated in 3-4 days. 
Smith (3) reports a thermal inactivation point of 
CMV between 60° and 70°C. In these tests, virus was 
inactivated at 70°, but not at 60°C, However, no at- 
tempt was made to determine the exact temperature 
of inactivation. 

Cross-protection tests.—Cross-protection tests were 
conducted with the 8 Hibbertia isolates, with the 
Wisconsin 14 strain of CMV, and with strain CMV] 
of Grogan, using cowpea (Blackeye 5) as the test 
plant. This strain of cowpea develops a_ systemic 
mosaic with CMV as well as the usual local lesions. 
The tests were conducted as follows: Cowpea coty- 
ledons were inoculated with a strain of CMV, and 
after systemic invasion had occurred, the mosaic- 
affected leaves were reinoculated with 1 of the 
Hibbertia virus isolates. At the same time, healthy 
plants of the same age were inoculated with the 
Hibbertia virus. Protection by the first virus was 
shown if the second virus either failed to produce 
local lesions, or produced only a few of them, when 
local lesion production was apparent on the check 
plants. Results varied somewhat from test to test, 
protection was sometimes only partial, but definite 
evidence of strain relationship was obtained between 
the 2 strains of CMV and the 8 Hibbertia isolates. 
Both CMV strains gave protection against local lesion 
formation by each of the 8 Hibbertia isolates, and 
each Hibbertia isolate gave protection against local 
lesion formation by CMV1. 


Temperature studies—The effect of constant tem- 
peratures on symptom development of mosaic-affected 
Hibbertia clone 3 was studied in controlled chambers 
at 10°, 15°, 20°, 23.3°, and 26.7° (+0.5°) C at a light 
intensity of 1,000 ft-c. Plants were cut back to a 
uniform height of 4 in, in order to produce new 
growth. Symptoms were very severe on the new 


growth at 10° and 15°C, severe at 20°, moderate at 
23.3°, and mild at 26.7°C. At 10°C, plants developed 
severe mosaic symptoms and maximum leaf yellow- 
ing and chlorosis, severe leaf distortion and dwarf- 
ing, a marked rolling of the leaves, pronounced 
vein swelling, and leaf surface irregularity. An- 


thocyanin formation was pronounced on the foliage 
(75% of the leaf area) and the young stems. Plants 
were stunted very severely in height (75%), and 
affected shoots were sometimes killed. At 15°C, 
foliage symptoms were very severe, but stunting 
(60% ) was somewhat less than at 10°C, and affected 
shoots were not killed. At 20°C, leaf symptoms and 
distortion were severe; at 23.3°C, leaf symptoms and 
distortion were moderately severe, but leaf size and 
plant height (25%) were much less affected. At 26.7 
C, leaf symptoms, dwarfing, and plant stunting (10- 
15%), were mild; and the terminal and lateral 
shoots that formed on the rapidly growing plants 
usually remained free of symptoms for 1-2 weeks. 
Occasionally the terminal and lateral shoots formed 
at 23.3°C also remained symptomless for a_ brief 
period after differentiation, At all other tempera- 
tures, symptoms were persistent and completely 
systemic, 

Similar results were obtained when these ex- 
periments were repeated using plants of mosaic- 
affected clones 1 and 3. A few virus-free plants were 
available at this time, and were included as checks. 
The best growth of healthy plants occurred between 


IS* and 33.23° €;, 


Symptoms manifested by clone 1 
at the various constant temperatures were similar to 
those of clone 3, but were considerably less severe 
and invariably involved fewer leaves. 

{ method of producing virus-free Hibbertia 
shoots—The effect of relatively high temperatures 
on mosaic-affected Hibbertia was studied in order 
to obtain virus-free shoots, or virus-free plants. In 
the first trial, mosaic-affected plants of clone 3 
cut back to a height of 4 in. were grown in a box 
3.5 x 2 x 2 ft, in which heat was supplied by a heat- 
ing coil, and air temperature was regulated by a 
thermostat. Polyethylene plastic was used for the 
top and sides of the box. In November, temperatures 
in the box on a greenhouse bench varied during the 
day 29-43°C, and during the night 29.4-31°C (aver- 
age temperature 31.5°C). Growth was satisfactory 
and the first and sometimes the second set of de- 
veloping lateral shoots showed very mild mosaic 
symptoms. Shoots formed subsequently usually re- 
mained free of mosaic symptoms; and cuttings 
taken from the 3rd- and later-formed lateral shoots 3- 
1 weeks after the start of the experiment usually 
proved to be free of virus (86%). All apical shoots 
were free of virus. Because of the difficulty of 
transmitting the virus from Hibbertia to test plants, 
recovery tests were not made. The cuttings were 
rooted under mist and observed for the develop- 
ment of symptoms. If symptoms did not develop 
after 4 months, plants were considered free of 
cucumber mosaic virus. 
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In a second trial, mosaic-affected plants of clone 
3 were cut back to a height of 4 in. and grown in 
large air-temperature chambers (7 x 4 x 7 ft) in 
the greenhouse. In 1 chamber, day temperatures were 
33°C (1°) for 12 
21°C (average 26°C); in the 
chamber, day mG {=t") 
for 12 hours, and night temperatures 21°C 


hours, and night temperatures 


temperature second 
temperatures were 


(average 


temperature 28.8°C). In 20 days, all lateral and 
terminal shoots that were formed at 36.5°C day 
and 21°C night temperatures appeared to be free 
of virus symptoms, whereas shoots formed at 33°C 


ys he 
to moderate 


day and night temperatures developed mild 
Thirty later, the new 
lateral and terminal shoots were still free of mosaic 
symptoms, whereas the infected leaves and shoots that 
were present initially showed only a mild leaf distor- 
slight 


of symptomless 


symptoms. days 


veins. Cuttings 
formed at 36.5° and 21°C 


tion and a elevation of the 


shoots 


varied as to virus content as shown by presence 01 
absence of mosaic on rooted cuttings. Cuttings of 
the terminal shoot and of the lateral shoot immed- 


iately below it usually were free of the virus (93%); 
cuttings of symptomless lateral shoots farther 
the stem their content. Usually 
the presence or absence of virus in the lateral shoots 
showed 


down 
varied as to virus 


some relationship to the distance of the 


lateral shoot from the portion of the stem that last 
Thus. 
taken from 2-18 in. from the diseased portions of the 
(87%), 


frequently did not (71%). Cut- 


showed symptoms. cuttings of lateral shoots 


plant usually contained virus whereas cut- 


tings 18 or more in. 


tings taken from the stem apex were always free 
of virus. The results obtained with mosaic-affected 


plants grown at 33° and 21°C for 50 days were 


very different from results obtained at 36.5° and 
21°C. Mild to moderate symptoms of Hibbertia 
mosaic were present on all lateral shoots located 
on the lower half of the plant, whereas lateral 
shoots arising from the top fourth or half of the 
stem were symptomless. However, shoot cuttings 


from the symptomless portion of the plant usually 


contained virus except for an occasional (6%) cut- 


ting from the stem apex that was free of virus. 


No attempt was made to remove shoots at 


apical 
early stages of differentiation 


In a 3rd trial, mosaic-affected plants of clones 1, 


2. 5. and 6 were grown in a greenhouse at night 


temperatures of 25-27.8°C, and day 


26-43.3°C. Temperatures 


temperatures ol 


averaged 28.3°C over tl 


e 


3-month experimental period. Plants of clone 1 not 
only showed mild mosaic symptoms, but also less 
systemic invasion than did plants of clones 2, 5, 


and 6. Plants of clones 2 and 6 grew the least and 


showed the greatest area of systemic involvement; 
plants of clone 5 showed great variation with re- 


spect to symptom severity and extent of systemic 


invasion. Clone 5, as mentioned previously, appears 


to be infected with a mixture of strains. Shoot cut- 
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tings were made from the stem tips of all plants 
and rooted under mist. Nine of 10 rooted tip cut- 
tings of clone 1 proved to be free of virus, whereas 


only 3 of the 32 tip cuttings of clones 2, 5, and 6 
were free of cucumber mosaic virus. All 3 virus. 
free cuttings were from plants of clone 5. These 


plants had manifested exceptional vigor and growth, 
and incomplete systemic invasion, as evidenced by 
the absence of symptoms on the upper half of the 
plants. 


Discussion.—Field-grown and nursery-grown Hib- 
bertia in California is uniformly affected with mosaic 
symptoms. studies indicate that mosaic-af- 


fected plants of 3 different symptom types are caused 


These 


Since 
only 14 isolates were considered, and only 8 were in- 
vestigated in detail, the range in variability of cucum- 
ber mosaic virus is is probably greater than that de- 
tected in these studies. 


by strains of common cucumber mosaic virus. 


Although CMV is readily sap-transmissible, the 
virus was not readily transmitted in limited trials 
with a cutting knife. Transmission by this means 


cannot account for the extremely high incidence of 
the disease. Virus-infected cuttings taken from _ in- 
fected plants apparently provide the most probable 
explanation of the widespread 
disease. Cuttings taken at any time of year prob- 


occurrence of the 


ably contain virus, since greenhouse experiments 
and field observations indicate that the virus is 


persistent and systemic throughout the year in the 
temperate coastal climate of California. 


Symptom-free terminal shoots were obtained by 
growing mosaic-affected Hibbertia plants at tem- 
peratures that averaged near 28.3°C. Since Hib- 
bertia grows well at high temperatures, diseased 
plants grown under a constant high temperature 


above 30°C probably would yield a high percent- 


age of lateral as well as terminal shoots free of 
virus. Entire Hibbertia plants might be freed of 


virus, since Kassanis (2) has shown that plants of 
D. stramonium grown at a constant temperature of 
30.7 C for 2-3 weeks were freed of CMV. 


made of a virus 


That a_ virus-like 


No previous report has been 
affecting H. volubilis. 
may occur on H. volubilis in Australia is 
indicated by letters from L. L. Stubbs, 
who reported that all Hibbertia plants in the Mel- 
Botanic National Herbarium 
showed virus-like markings, mostly dark green ring 


disease 
d isease 
receiv ed 


bourne Garden and 


patterns on some leaves. 
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There is usually a marked decrease in the viability 
of teliospores of Ustilago avenae (Pers.) Rostr. after 
a years storage at temperature. Although 
Fischer (1) has shown that certain collections of U. 
avenae retain low viability for more than a year, in 
general, viability is low after a much shorter period. 
The usual method of maintaining viability is periodic 
passage of the fungus through its host. This method 
is time consuming and increases the chance of con- 
tamination. 


room 


Lyophilization has been utilized in attempts to in- 
crease the longevity of U. avenae teliospores. In these 
studies, attention has been focused on temperature 
as a factor affecting viability during storage. 

MATERIALS AND MetHops.—The lyophile  pro- 
cedures of Graham (2), basically designed after that 
of Raper and Alexander (3), were used with modifi- 
cations. 

Mature teliospores of races 6 and 7 collected from 
oats grown in the greenhouse were used. The spore 
collections of each race were separately mixed to 
obtain a homogeneous mass of each race. A few mg 
of teliospores were placed in 10-ml 
ampules and lyophilized dry (without suspending 
vehicle) under 2004 vacuum at room temperature for 
3 hours. 


Neutraglass 


Following the freeze-drying process, the 
ampules were sealed under vacuum with a gas torch 
20-30°C), 5°, and 
—15°C for 1 year. The sealed ampules were checked 
for vacuum 1 and 2 days prior to storage and again 
before germination counts were made. 


and stored at room temperature 


After storage, a given ampule was opened, and the 
lyophilized teliospores were placed on the surface of 
an agar plate (2.5% Difco Potato-Dextrose Agar). 
Then 0.1 ml of distilled water was added and the 
spores were spread by an L-shaped glass rod over 
the surface of the agar. The plates then were incu- 
bated at 20°C for 15 hours prior to germination 
counts, 


Taste 1. Mean percentage® germination of lyophilized 
Ustilago avenae teliospores subjected to different storage 
conditions 

% germination after 

15 hours at 20°C 


Treatments Race 6 Race 7 

1. Fresh spore material 87 84 
2. Nonlyophilized spores 

(stored 1 yr./room temp.) 3 2 
3. Lyophilized spores 

(tested immediately) 77 57 
4. Lyophilized spores 

(stored 1 yr./vacuum) 

a. room temperature 36 5 

b. SG 81 77 

c. —15°C 86 65 


® 10 observations of 100 spores/field. 


ResuLts AND ConcLusions.—The results from a 
typical evaluation are presented in Table 1. Viability 
of teliospores immediately after lyophilization (treat- 
ment 3, Table 1) was significantly lower (P<0.05) 
than that of fresh teliospores. Surprisingly, however, 
germination of lyophilized spores after storage for 1 
year at 5° and —15°C was significantly better (P<0.05) 
than immediately after lyophilization. The germina- 
tion of lyophilized spores stored for 1 year at 5° and 
—15°C (treatments 4b and c) approached that of 
fresh nonlyophilized spores (treatment 1). Viability 
of nonlyophilized teliospores stored at room tempera- 
ture for 1 year (treatment 2) was so low that they were 
essentially nonviable for pathogenicity studies. Germ- 
ination of lyophilized teliospores stored at room temp- 
erature (treatment 4a) was higher than that of non- 
lyophilized teliospores stored at similar temperatures 
but markedly lower than that of lyophilized spores 
stored at either 5° or —15°C. Race 7 consistently ap- 
peared less viable than race 6. 
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A B 


Fig. 1. 
(A, Cc) and common black sori (B, D) 
and Greenleaf sudan grass (C, D). 


Among the most conspicuous examples of mutants 


in smut fungi are “albino” or “buff” types occurring 
in species that are commonly dark-spored and char- 
acterized by dark sori. These albino or buff mutants 
produce sori that are conspicuously light-colored as 
a consequence of hyaline or colorless walls in indi- 
vidual spores. Only a few buff types have been re- 
ported, including 1 on wheat, 3 on oats, and 3 on 
us Ustilago (2). One instance 


barley, all in the ger 
of a mutant albino found outside this genus was re 


ported by Johnson, et al. (7) who collected a buff- 
colored Sorosporium on fall panicum. Thus, there 
are but few reports of albinism in the smut fungi. 


Fischer and Holton (2) postulated that this rarity 
may reflect an inherent inability for natural survival 
in albino smuts, as exemplified by a “white” Ustilago 
with nonviable spores. The scarcity of smut albinos 
also indicates a probable infrequency of mutations in 
genetic factors 
This report is believed to be the first description of 
heritable albinism in the genus Sphacelotheca and is 
an extension of information mentioned in a previous 
abstract (3). 

MATERIALS AND Metuops.—During the course of 
head-smut investigations in California (3, 4, 5), 2 
smutted plants of NK-210 hybrid grain sorghum were 
found with buff-colored sori (Fig. 1). These plants 
were collected on August 15, 1959, in a large com- 


governing spore-wall pigmentation. 


mercial planting of sorghum in Sacramento County 


Two color types of head smut sori produced by 
Che smutted host varieties shown are NK-210 hybrid grain sorghum (A, B) 
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Sphacelotheca reiliana showing the buff-colored mutant 


during examination of several thousand smut sori. 
The infection level of head smut in this field was 
11°, from actual plant counts. 

Albinism in smut fungi may be accompanied by 
such anomalous growth characteristics as inherent 
nonviability of spores (2) or the production of myce- 
lial rather than sporidial growth upon germination 
(7). Such aberrant behavior impedes or even pro- 
hibits genetic studies in smut mutants. Therefore, 
the buff-colored sori of Sphacelotheca were examined 
carefully; they contained only hyaline teliospores with 
smooth walls. Microscopic measurement of 100 such 
spores indicated an average diameter of 11.2u. This 
falls within the range of 9-12u reported by Fischer (1) 
for the diameter of typical dark spiny spores of S. 
reiliana. The colorless spores germinated normally on 
potato-dextrose agar (PDA) producing promycelia 
and lateral sporidia. The sporidial colonies grew 
well on PDA through rapid budding and then were 
transferred to liquid shake cultures containing po- 
tato-dextrose broth (PDB). This medium consisted of 
10 g of dextrose and the broth from 200 g of boiled 
potatoes/liter of water. The PDB cultures in 250-ml 
Erlenmeyer flasks were placed on a rotary shaker 
for 10 days at room temperature. This method of 
liquid culture favored sporidial multiplication and 
was especially suitable for inoculum increase. The 
turbid PDB cultures containing mass sporidia were 
mated in desired combinations by mixing the spori- 
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TasLe 1. Inheritance « 
ghums # 


Host variety 


Ryer-15 sorghum 

Double Dwarf 38 sorghum 
NK-210 hybrid sorghum 
Amak R-10 hybrid sorghum 
Leoti sorgo 

Sumac sorgo 

Sweet sudan 

Greenleaf sudan 

Sudan 23 

Total or avg. 
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S-2 sporidial 
inoculum 


S-] spor idial 
inoculum 


Stand Buff smut Stand Buff smt 
34 32 33 16 
92 88 36 29 
49 42 30 15 
39 38 33 23 
26 26 18 27 
38 30 36 12 
58 34 51 33 
84 29 77 54 

108 25 64 26 

528 344 108 235 


a Data represent number of panicles/stand and total buff-smut sori resulting from inoculating 
with selfed (S-1 and S-2) smut sporidia. 

bInfection percentage data are averages of the virulence expressed by both selfed generat 
mutant on each respective host variety. 


dial suspensions. The mated lines were then inocu 
lated hypodermically into 2-week-old seedlings of 
sorghums grown in sterile greenhouse soil. Smutted 


sori usually emerged about months after inocula- tion again was observed in the present studies on 


tion, 
PATHOGENIC BEHAVIOR. 


) 


4 grain sorghums, 2 sweet sorgos, and 3 sudan varie 
ties inoculated hypodermically 
suspensions indicated that the buff mutant was strong- 
The data show that all 9 
varieties tested were substantially smutted, having 30- 


ly pathogenic (Table 1). 


91% infection (avg. 62%). 
(August 


parent collection 


normally, producing viable sporidia that were desig 
nated S-1 (Table 1). Since the sporidia from indi- 
vidual spores were mated among themselves only, 
the buff spores were essentially “selfed,” hence the 


designations “S-1” and 


inoculum, injected 


Greenhouse studies with 


with mass sporidial 


Spores from the original 


hypodermically into 
points of seedlings, produced 344 buff-colored sori 


gus sporulation in the foliage. 


Sweet sudan grass infected wit 


greenhouse studies also were 


NK-210, 20%; 


Sumac, 43%; 


spores (5). 
The existence of a viable pa 


109 


f homozygous buff-colored sori in 2 selfed generations of Sphacelotheca reiliana on 9 sor- 


it smut > 


o~) 


SD Ur-31 0 -) 
N~IN UIN & bo 


ul 
th 


30 
62 


seedlings hypodermically 


ions of the head smut 


the systemic nature of infection by this smut, often 
resulting in tattered leaves as a consequence of fun- 


Such foliar sporula- 


h buff smut. Limited 
conducted with soil- 


borne teliospores of this mutant. The degree of in- 
fection obtained in 4 host varieties was: Leoti 50%; 


and Greenleaf, 9% 


Head smut can be perpetuated by soil-borne telio- 


thogenic color mutant 


1959) germinated’ in S. reiliana is indicative of the variability in this 


pigmentation warrants further 
complete study of the inherits 


The S-] sporidial 


LITERATURE Cl 


: , 59 ia Pe on — a 
from a total of 528 sorghum panicles. No black sori , Becuee C: U Sk. Meee 


were found among the progeny. The teliospores from 
this smut generation germinated to yield the S 
sporidial inoculum. Hypodermic inoculation with S 
sporidial matings produced 235 buff-colored sori in Inc. 
a crop of 408 sorghum panicles. 
of 579 buff-colored 
sori on 9 sorghums by 2 consecutive generations of 


sori emerged. The production 


S. reiliana indicates the virulent 


can smut fungi. Ronald Pr 


and control of the smut ft 
New York, N. Y. 622 
Again, no black 3. Hauisky, P. M., and L. J. 

genicity and systemic devel 
reiliana in Sorghum species. 
51:65. 


9 
9 2 Fiscner, G. W., and C. S. Horton. 1957. 


smut fungus. The heritable nature of spore and sorus 


genetic studies. A 
ance of albinism and 


other spore characters in oat smut fungi was made 
by Holton (6) and sets a precedent for further studies 
growing with the buff mutant in S. reiliana described here. 


TED 


al of the North Ameri- 
ess Co. Inc.. New York. 


Biology 
ingi. Ronald Press Co. 
p. 

PETERSEN. 1961. Patho- 
ypment of Sphacelotheca 
(Abstr.) Phytopathology 


nature of this mu- 1. Hauisxy, P. M., and D. G. Smertzer. 1961. Head smut 


tant. The 579 smut sori were buff-colored, contained 
hyaline smooth teliospores, and none were typically 
black (Fig. 1). These facts indicate that albinism in 
S. reliana is a heritable character. The total absence 
of dark sori among these 579 selfed progeny strongly 
indicates that the factors governing spore pigmenta- 
tion, and consequently sorus character, are in a 
homozygous condition. 

In earlier studies, Halisky, et al. (3, 5) observed 


disease of corn, sorghum, and sudan grass estab- 
lished in California. California Agr. 15 (1) :10-12. 

5. Hauisxy, P. M., D. G. Smevtrzer, and B. R. Houston. 
1959. Head smut of sudan grass and sorghum in 
California. Plant Disease Reptr, 43:1084-1090. 

6. Horton, C. S. 1936. Inheritance of chlamydospore 
characteristics in oat smut fungi. J. Agr. Research 
52:535-540. 
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e revision of the original 





Sharp and Smith (3) reported an increase in 


germinability of dried uredospores induced by ex- 
posure to an atmosphere saturated with water vapor. 
These results have been corroborated in this labora- 
tory and elsewhere. Following the usage of Sharp 
and Smith, an exposure of spores to a saturated at 
mosphere prior to use has been rather widely termed 


“rehydration” or frequently “hydration.” 
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In the course of experiments made in the spring of 
1956 to obtain additional information on the behavior 
of uredospores of Puccinia graminis Pers. var. tritici 
(Eriks. & E. Henn.) Shear, Ball, Jacks. & Stakman, 
the survival on dry wheat leaves of rehydrated and 
nonrehydrated spores was compared. 

Freshly collected uredospores of race 17 produced 
in the greenhouse on seedling plants of Baart wheat 
were used for inoculum. A 20-mg portion was re. 
hydrated in a saturated atmosphere for 24 hours and 
then dusted on the primary leaves of 7-day-old Baart 
seedlings in a settling tower. A 20-mg portion of 
nonrehydrated spores was similarly dusted on a set 
of comparable Baart seedlings. Both sets of plants 
then were placed in a greenhouse controlled at 75°F 
and 40% relative humidity. The plants were sub- 
irrigated to prevent wetting of the leaf surfaces. At 
intervals, pots from each set were removed, placed 
in a dew chamber, and exposed to dew at 75°F for 
2 hours to permit spore germination. Germination 
Only 
spores whose germ tube length equalled or exceeded 
the diameter of the spore were considered germinated. 

The germinability of rehydrated spores persisted at 


counts were made directly on leaf surfaces. 





—— HYDRATED SPORES 


-NON-HYDRATED SPORES 


100 


75° F. 
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Fig. 1. Germination of uredospores of Puccinia graminis var. tritici, race 17, held at 75°F and 40% relative 


humidity on dry foliage of Baart wheat seedlings and then given < 
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During the next 3 weeks, 
Observations beyond 


80-90% for 2.5 weeks. 
the germinability was 70-80%. 
4) days were impossible because of leaf senescence. 
The germinability of nonrehydrated spores remained 
at 70-80% for 2 weeks, then declined rapidly to very 
low levels during the remainder of the test period 
(Fig. 1). 

In this experiment, 
tained germinability at a higher level and for a 
much longer period than did nonrehydrated spores. 
Wilson (5) reported that inhibitor-depleted uredo- 
spores of Uromyces phaseoli var. typica remained 
viable longer than did untreated uredospores. L. M. 
Massey, A. T. Soldo, and R. L. Weintraub (unpub- 
lished data) found that the rehydration process may 
remove an endogenous germination inhibitor present 
Perhaps, 


rehydrated uredospores re- 


in uredospores of P. graminis var. tritici. 
inhibitor removal is a factor in the greater retention 
of germinability of the rehydrated spores observed in 
this experiment. 

Hwang (1) has estimated that cereal rust uredo- 
spores may survive at least 4 days on dry foliage 
protected from direct insolation. Swaebly (4) re- 
ported that uredospores of race 15B survived for 6 
days on seedlings of Little Club wheat. More re- 
cently, Mohamed (2) presented evidence that uredo- 
spores of race 139B survived well for about 7 days 
on dry leaves of Little Club and Marquis when 
temperatures averaged 87-90°F in the greenhouse in 
June and July. Results obtained in the present test 
indicate that it is possible for nonrehydrated spores 
to retain relatively high germinability rates in the 
greenhouse for at least 21 days at a constant temper- 
ature of 75°F and a relative humidity of 40%. Re- 
hydrated spores retained high germinability rates for 
at least 40 days. It is very improbable that spores 
would survive for such a long period in nature since 
both temperature and humidity vary greatly under 
field conditions. If rehydration of spores occurs un- 
der natural conditions, however, i. e., if the relative 
humidity approaches 100% without actual deposition 
of free water on the leaf surfaces, then perhaps 
spores can survive for much longer periods than 
previously suspected. 
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pathological and morphological 
variation of Verticillium albo-atrum Reinke & Berth., 


certain peanut varieties were tested for disease re- 


In research on 


action. Greenhouse inoculations were made by dip- 
ping the roots of 1-week-old peanut seedlings in mace- 
rated fungal cultures increased on oat grain. Field 
plantings were made on land contaminated heavily 
by continuous cotton culture. Wilt symptoms on 
peanuts were characterized by stunting, leaf yellow- 
ing, withering, and defoliation combined with brown 
discoloration of the stele as reported earlier (2). A 
rating of leaf symptoms was used to compare varie- 
ties with “0” indicating no symptoms and “100” in- 
dicating complete withering or defoliation. 

In greenhouse tests to study host specificity, 10 
peanut varieties were inoculated with a total of 8 
cultures isolated from 4 hosts. Hosts from which the 
cultures were originally isolated and their average 
ratings for disease severity on peanuts were: Cotton, 
32, 48, 58, and 66; peanuts, 73 and 46; chile pepper, 
57; and Solanum elaeagnifolium Cav., 53, with a 
least significant difference (1%) of 5. The cultures 
differed in severity of symptoms induced but there 
was no evidence of exceptional virulence for peanuts 


in these cultures collected originally from Lubbock, 
Texas; and eastern and southern New Mexico. Va- 
riety averages of disease ratings from this experiment 
(Table 1) showed significant differences in resistance. 

Disease ratings of single plots of several peanut 
varieties which were grown in an infested field in 





Fig. 1. 
susceptible variety; right, Georgia Bunch 182-28. 


Verticillium resistance in peanuts. Left, a 
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Taste 1. Amount of Verticillium wilt on peanut varieties 
Wilt 
Variety Greenhouse 
New Mexico Valencia 61 
Valencia 
PI 119880-2 34 
PI 152104 69 
PI 210319 63 
PI 210825 69 
Medium Bunch 
Vir,sinia Bunch ¢ 16 
Georgia Bunch 
Georgia Bunch >] 
Georgia Bunch 24 
Georgia Bunch 
Georgia Bunch | 
Spanish 
Small 74 
Dixie 
Spanette 
Other 
nA. 2 
N.C. 4 
X + IN 343 
X + IN 226 
L.S.D. 1% 19 
“— no symptoms and “100 completely withered 


1959 showed general agreement with the greenhouse 


data. In 1960 a larger, replicated planting was grown 
(Table 1). The Valencia and Spanish types were 
more susceptible than the Bunch types. New Mexico 
Valencia was highly susceptible and Georgia Bunch 
182-28 (Fig. 1) was highly resistant. Stele examina- 


tions of Georgia Bunch 182-28 showed that nearly al! 


plants became infected but discoloration was restrict 


ed to the crown and roots. The resistant strain was 
not promising for local commercial culture in tests 
conducted by Hsi (1) because of late maturity and 
other factors. 
LITERATURE CITED 
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RHUBARB ROOT NECROSIS: ITS DISSEMINA- 


TION. EFFECT ON YIELD. AND CONTROL 
BY CHEMICAL SOIL TREATMENTS 
H.-H. Murakishi 
Department of Botany and Plant Pathology, Michigan 


State University. 
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in greenhouse and field, 1960 
rating ® in 
Field Seed Source: 
84 Commercial variety 
74 R. O. Hammons, through 
C. H. Hsi, Plains Sub- 
station, Clovis, N M 
80 iy 
80 
80 A 
} W. K. Bailey, Plant In 
dustry Station, Beltsville, 
Md. through C. H. Hsi 
86 * 
68 
2 
80 
3 
88 W. G. Vinzant, County 
Agent, Portales, N. Mex. 
82 R. O. Hammons, Coastal 
Plain Expt. Sta., Tifton, 
Ga. 
88 
42 W. C. Gregory, N. ¢ 
State, Raleigh. 
600 4 
86 
80 
6 
Journal Article Number 2753, Michigan Agricultural 
Experiment Station, East Lansing. 
lhe author thanks Dr. H. S. Potter and Mr. Lane Rush- 


more of the Extension Service for their cooperation and 
Mr. Richard Crum for technical assistance. 
Supported in part by funds supplied by the 


Hothouse Rhubarb Growers Association. 


Michigan 





Recently a new root necrosis disease (1) of rhubarb 
(Rheum rhaponticum L.) was reported. The 
caused by a nonsporulating, unidentified fungus, 


lisease, 
was 
found in southeastern Michigan where growers have 
experienced a reduction in hothouse stalk production. 
Since it appeared that the lower yields might be due 
to root necrosis, studies were made to determine the 
mode of dissemination of the root necrosis fungus, its 
effect on stalk 
response to chemical soil treatments. 

rhubarb is 


crown size and production, and _ its 


Commercially hothouse vegeta- 


tively propagated by divisions (1 to 2 buds including 


grown 


a portion of the root) which are planted in the field 


and grown for 2-3 years before crowns reach a size 
suitable for forcing. To determine the possible mode 


of dissemination of the root necrosis disease, 2-year- 
old Victoria crowns and soil samples were obtained 
The crowns 


and 


from fields where root necrosis occurred. 


were washed free of soil; buds were excised 


placed into 2 lots: diseased, showing necrotic streaks; 
and apparently healthy, exhibiting no visible necrosis. 
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Isolations were made from fresh tissue aseptically 
removed from the base of the buds after they had been 
soaked for 30 minutes in 1% formalin. From 121 
apparently healthy buds, 9.1% of the isolates on 
potato-dextrose agar yielded the root necrosis fungus. 
In the diseased lot, from 191 buds, 24.7% of the cul- 
tures yielded the root necrosis fungus. The fungus 
apparently may be spread in cuttings of plants which 
are infected, but which show no symptoms. 

To determine whether the fungus is soil-borne, 
healthy Victoria seedlings were grown in 6-in. pots 
of soil obtained from fields where the disease occurred. 
For control. 10 seedlings were grown in steamed field 
soil. Eight months after planting, crowns were re- 
moved from the pots, washed free of soil, weighed, 
and examined for disease. All crowns from unsteamed 
soil were affected with vascular necrosis, while those 
from steamed soil were healthy and larger. The root 
necrosis fungus was recovered only from the affected 
crowns. The average weight/crown from steamed soil 
was 194.0 g: from unsteamed soil, 49.6 g. 

Further studies were made to determine the effect 
of the root necrosis fungus on crown size and its 
ultimate effect on hothouse stalk production. Healthy 
Victoria seedlings were inoculated by dipping the 
roots in a comminuted mycelial suspension of 3-week- 
old potato-dextrose broth cultures. Roots of control 
plants were dipped in sterile broth. Both series were 
transplanted to steamed soil-sand-peat (3:1:1) mix- 
ture in 6-in. pots. After 6 weeks in the greenhouse, 
the seedlings were removed from the pots and planted 
in an experimental plot previously in sod at East 
Lansing. Six months later, 8 randomly selected 
crowns were dug from each of the uninoculated and 
inoculated series, washed free of soil, weighed, and 
examined for root necrosis. The average weight/crown 
from the uninoculated series was 8.64 kg: from the 
inoculated, 3.84 kg. All crowns which developed from 
inoculated plants were necrotic, whereas control 
crowns were healthy. The crowns then were reset in 
steamed. soil-sand-peat mixture in 10-in. pots and 
forced under simulated commercial hothouse condi- 
tions (total darkness at 12° C). Stalks were harvested 
over a 5-week period during February and March, 
1960. The average yield of stalks/crown was as fol- 
lows: uninoculated, 612 g; inoculated, 280 g. Under 
the test conditions, infection by the fungus reduced 
yield by more than 50%. 

A soil treatment test was started in June, 1957, on 
a farm where earlier soil tests had shown root necrosis 
fungus. Dow MC-2 (methyl bromide, 98% plus 
chloropicrin. 2%) was applied under a polyethylene 
cover at the rate of 2 lb/100 ft®?. Terrachlor (penta- 
nitrochlorobenzene, 75%) was applied as a wettable 
powder at the rate of 250 lb/A and then worked into 
the soil. This was followed by an application of 
Vapam (sodium methyldithiocarbamate, 31%) in 
aqueous solution at the rate of 1 qt/100 ft?. A water 
seal was applied immediately over the Terrachlor- 
Vapam treatment. The randomized plots, each 8 < 16 


ft, were replicated 4 times. Seven healthy Victoria 
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seedlings were planted 2 ft apart in a single row of 
each plot 3 weeks after the chemicals were applied. 
The plots were maintained through 3 growing seasons 
and the crowns were lifted in November, 1959. Only 
the 5 center crowns of each plot (total of 20/treat- 
ment) were evaluated for root symptoms, crown de- 
velopment, and stalk production. 

Examinations of the roots showed that Dow MC-2 
was the only treatment that controlled root necrosis. 
This was reflected in the respective average weight 
crown in the treatments: Dow MC-2, 6.9 kg; Terra- 
chlor-Vapam, 3.0 kg; and control, 2.5 kg. The aver- 
age yield of stalks/crown was as follows: Dow MC-2, 
0.91 kg: Terrachlor-Vapam, 0.24 kg: and control, 
0.36 kg. 
prior to planting, resulted in greater crown size and 


Apparently, methyl bromide fumigation, 


yield due to control of root necrosis. 
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A mosaic disease of nasturtium (Tropaeolum majus 
L.) occurring in Brazil, its distribution in the host 
plant, and behavior in vitro have been studied by 
Silberschmidt (3). He referred to other known plant 
viruses affecting nasturtium but did not draw definite 
conclusions regarding relationships. Further work 
comparing this virus with other known viruses will be 
reported elsewhere. In the course of this work, we 
made experiments on the production of local lesions 
by Tropaeolum mosaic virus. The present paper con- 
tains some of these results. 

Yarwood (4) reported that when bean leaves were 
immersed in hot water for a few seconds before 
inoculation, their susceptibility to tobacco mosaic, 
spotted wilt, peach yellow bud mosaic, and apple 
mosaic viruses; and to bean rust, bean mildew, and 
bean anthracnose was increased. The infection quo- 
tients (number of local lesions on the heated leaf di- 
vided by the number on the control leaf) rose as tem- 
perature increased to the sublethal point. He (5) also 
demonstrated that when bean, cowpeas, or cucumbers 
were heated for about 20 seconds at 50° C, 6 hours 
3 days after inoculation with several types of lesion- 
producing viruses, the necrotic lesions induced by 
these viruses were larger and more numerous in 
treated than in control plants. Yarwood concluded 
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Fig. 1. Infection quotients of White 


Surley tobacco half-leaves submitted to 40°, 45°, or 50° C 
before inoculation with Tropaeolum mosai 


virus. 


that the appearance of more lesions on heated leaves 
is the result of activation of 
otherwise would remain 
studied the influence of 


primary infection which 
latent. Resconich (1), too, 
pre-inoculation treatment of 
leaves by supra-optimal temperatures on susceptibility 
of leaves to virus infection 
to the effect of heat on 
leaves subjected to this 


but paid special attention 
starch formation. In bean 
supra-optimal temperature 
treatment and immediately inoculated with TMV, the 
heat dosages that increased starch formation were the 
same as those required for producing maximum sus 
ceptibility. 

In our studies on nasturtium mosaic virus, we ob- 
served that tobacco plants placed in high tempera- 


ture chambers for a few minutes to several hours be- 


: for various periods 


fore or after inoculation invariably developed more 
lesions than unheated plants. These results led us to 
experiments on induced susceptibility of White Burley 
tobacco to nasturtium mosaic virus. 

In each test, all inoculated tobacco leaves were 
approximately the same size. A method of half-leaf 
immersion in hot water was developed. The advantage 
of leaf-halves, as pointed out by Samuel, et al. (2), 
is that they probably have few, if any, differences in 
susceptibility to virus infection. The use of this tech- 
nique also makes it possible to obtain significant re- 
sults from only a few plants. Preliminary experiments 
showed the method was applicable and satisfactory. 
Half-leaves treated with hot water (40-50°C) were 
immediately inoculated, together with nontreated half 
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Fig. 2. Local lesions on Nicotiana tabacum var. White 
Burley induced by Tropaeolum mosaic virus. 


leaves. The same quantity of expressed sap was ap- 
plied to both sides of the leaf and the Carborundum- 
dusted leaves were inoculated as evenly as possible. 
After local lesions appeared, usually in 4-8 days, they 
were counted and infection-quotients calculated. In 
Fig. 1, 
treatment in different temperatures, are plotted against 
the time of treatment. 
mean value of local lesions produced on a batch of 10 
plants. 


the infection quotients, obtained after water 


Each point corresponds to the 


Tobacco half-leaves, immersed in hot water before 
inoculation with nasturtium mosaic virus, invariably 
responded with more local lesions than unheated half- 
leaves, if there was no injury to the leaves. The opti- 
mum length of the heating period, though not deter- 
mined in detail, depended on the temperature. The 
infection quotients were higher in plants submitted 
to higher temperature or in those heated for longet 
periods. They approached 0 when leaves were in- 
jured by heat. 

Hot water treatments that induced increased num- 
bers of local lesions generally did not affect lesion 
size. On both the treated and nontreated half-leaves, 
lesions were 0.5-2.5 mm in diameter, and appeared 
similar. Local heated 
leaf-halves 1-2 days earlier than on nontreated ones. 
Local lesions 
semicircular to ovoid in shape with a yellowish halo 
(Fig. 2). 


lesions usually appeared on 


were chlorotic to necrotic spots and 
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Leaf-halves also were immersed in hot water after 
inoculation. Such treatments increased the number of 
lesions too, but the differences were not as striking 
and dependable as in heat treatment before inocu- 
lation. 

In our collection of nasturtium virus isolates, we 
have 1 or 2 variants which, under ordinary conditions, 
do not produce visible lesions on White Burley tobac- 
co. When test plants were treated with hot water 
before or after inoculation, however, they developed 
local lesions after inoculation with these variants. Ap- 
parently, certain plant species, in which some viruses 
are normally latent, may be induced to exhibit local 
lesions by appropriate heat treatment. 

Thus, the results obtained with the half-leaf im- 
mersion technique are in agreement with our observa- 
tion on the effect of high temperatures on local lesion 
formation by nasturtium mosaic virus. In both cases, 
treatment increased the number of lesions on inocu- 
lated leaves without affecting, in an essential way, the 
type or size of these lesions. 
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Address of Welcome, Installation of Carib- 
bean Division of The American Phytopath- 
ological Society, Miami, Fla., March 21, 1961: 


It is with real pride and pleasure that we are 
gathered here in Miami to celebrate the birth and 
christening of the youngest daughter of our Society. 
She has 


Div isions. 


been receiving greetings from our various 
Let me, as the representative from our old 
parent Society, give you a little family background 
of our various daughters. 

Our eldest daughter is from the Pacific Coast. She 
is now a mature lady of 47 years. It is not generally 
known, but the circumstances of her genesis were un- 
usual. In June, 1914, at Davis, Calif., there was created 
the Western American Phytopathological Society. A 
year later, this Pacific Division. 


group became the 
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This little irregularity long since has been lived down 
and the Pacific Division has become both famous and 
powerful. Powerful, we will all agree, judging from 
the complexion of our Council in recent years. But 
this dominance probably is only due and fitting for 
the first born. 
you might expect of a westerner. They stretch from 
Arizona to Alaska and on to Hawaii. 

The next addition to our family was twins, who 
arrived in 1918, the Southern and Canadian Divisions. 
I think you'll agree that they are unlike twins. Our 


Southern Division, noted for its hospitality, has built 


She also has the biggest grounds, as 


up a strong organization and at 43 is in its prime. 
We expect that our Southern daughter will be sharing 
some of its room with the new baby. Because of this 
intimate proximity, she will have more direct contact 
and will be able to help the baby more than the others. 

The second twin is the only daughter that has 
really left home. She married a Canadian and with 
her independence is continuing a most active and 
successful life. 

Matters stood this way, 
for a long time. And then we had a war baby born 
in 1940, the New Division. Now, this 


daughter was also ambitious and she wanted to broaden 


h only three daughters 


England 


her horizons. So when she was nly 6 years old, she 
e her status and name. 


asked for permission to chang 
Thus, with the acquisition of New York, New Jersey, 
and Pennsylvania, she became the present Northeastern 
Division. 

The fifth daughter arrived in 1944 on the banks of 
the Potomac. She lives on in the old home place. As 


behooves a resident of our capital city of Washington, 
she is very discreet, keeps a very trim, if small house, 
and her advice is much sought 

We now come to our sixth, the North Central Divi- 
sion, born in 1947 and for 14 years, until this very 
day, our youngest daughter. As you might expect, she 
is somewhat spoiled and at times wilful. Perhaps the 
greatest concern to her mother is her resistance to a 
formal education. She 


than books and so she will not present formal papers 


would rather study nature 
at her meetings. She has a rich farm, however, the 
bread basket of the United States, the largest member- 
ship, and no doubt she will succeed. 

So now, newly arrived Caribbean Division, we have 
described your six elder sisters. You will find a strong 
family solidarity and, despite individual independence, 
a keen cooperative spirit and willingness to help, 


especially in times of stress 


As most of you are aware, in 1958 at Bloomington, 
Ind., the American Phytopathological Society held its 


Golden Anniversary with fitting celebrations. Let us 
go back 53 years to Baltimore, Md., on December 30, 
1908. Here were gathered 54 persons, including the 
founding fathers; C. L. Shear of the U. S. Department 
of Agriculture; L. R. Jones of Wisconsin; W. A. Orton 
also of the U.S.D.A.; Donald Reddick and B. M. 
Duggar of Cornell; A. D. Selby of Ohio; J. B. S. 
Norton of Maryland: 


ind others. These men had the 
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vision and drive to found a new Society. They said in 
part, “It is our opinion that an American Phytopatho- 
logical Society placed on a broad and generous founda. 
tion may be of invaluable aid in promoting the future 
development of this important and rapidly growing 
subject in America and that its influence may be made 
of international importance.” This was a statement 
that was to be substantiated many times over in the 
years ahead. Seven years later, the Society was in- 
corporated under the laws of the District of Columbia. 
The aims of the new Society were set forth as follows: 
“To promote investigation and advancement in plant 
pathology and cooperation among plant pathologists, 
to hold meetings for the presentation and discussion 
of the results of research and investigation, to ex. 
change ideas and experiences and consider methods 
and means of promoting research, to stimulate and 
encourage the members, to cooperate in all practical 
ways with other scientific organizations and agencies 
for the advancement of science and to publish and 
encourage the publication of contributions to plant 
pathology.” We cannot state our aims more clearly 
today, nor the aims which should guide our newly 
created Caribbean Division. 

From the beginning, our Society, as a group and as 
individual members, has been interested in interna- 
tional cooperation, and also specifically in tropical 
diseases of the Caribbean areas. Our Society was 
intimately involved in the creation of the Tropical 
Plant Research Foundation in 1924 to promote re- 
search for the advancement of knowledge of the plants 
and crops of the tropics. One of its major interests 
was basic research on the control of sugar cane dis- 
eases. A founding father, W. A. Orton, was the 
Scientific Director of the Foundation. Our members 
have been and continue to be very active in various 
international, governmental, and foundation agencies 
to promote, among other things, modern disease con- 
trol methods. As examples, we might cite the Food 
and Agricultural Organization of the United Nations, 
the International Cooperative Administration of the 
United States, the Rockefeller Foundation, and so on. 
In particular, we should mention our own Committee 
on International Cooperation founded some 20 years 
ago, long headed by that internationalist. Dr. E. C. 
Stakman, and now in the hands of the first president 
of the Caribbean Division, Dr. Frederick L. Wellman. 

The avowed purpose of the Caribbean Division is to 
encourage the study and control of plant diseases in 
the Caribbean area. We can be sure there will be no 
dearth of problems. Stakman and Harrar in their 
textbook have described or listed some 60 diseases on 
the major tropical crops—banana, cacao, citrus, coco- 
nut, coffee, sugar cane, rice, and rubber—which they 
consider merit the rating of diseases of international 
importance. The programs this morning and _ after- 
noon dealt with a score of diseases on some dozen 
different crops. As we know from experience, even 
when we learn to control a disease, it cannot be for- 
gotten and there are always new angles to be studied 
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and improved methods of control to be tried. We can 
certainly look forward to ever-increasing activity in 
plant pathology in the Caribbean area. 

Is not the creation of the Caribbean Division some- 
thing even bigger than cooperation in plant pathology? 
Is it not international cooperation at the grass roots 
level? Or. perhaps one should say, at the tropical 
roots level! Most of us would agree that the biggest 
problem in the world today is a more sympathetic 
understanding of our neighbor’s problems and points 
of view. The Caribbean Division is an unexcelled 
opportunity to work this out in practical plant pathol- 
ogy. The eminently successful Canadian Division, 
while international from the viewpoint of the Society, 
was of course limited to 1 country outside the United 
States; and, for the most part, speaking our language. 
In the Caribbean area, we have a potential of some 
15 cr more different countries speaking 4 major 
languages. Cooperation will not always be easy. We 
know that international cooperation, like true love, 
does not always run smoothly. At times, the members 
must exercise great tact, understanding and even 
fortitude. Perhaps the greatest danger, at least in the 
beginning, will be a tendency for undue domination 
by the Division members from the United States. Un- 
less this can be kept successfully in hand, the Carib- 
bean Division will end as it began, merely a beginning. 


THE PRESIDENTS COLUMN 117 


Remember the eyes of the world, at least the plant 
pathological world, will be upon you as a real prac- 
tical field experiment in international plant pathology. 
Let us demonstrate that plant pathologists at least 
can get on together at the international level. If we 
can do this, it will lead the way for others to follow. 

Now let us return to the seven daughters. Our 
youngest daughter with her Caribbean background 
will be warm blooded, a coquette, doubtless difficult 
at times, but above all, attractive. We can be sure 
suitors will be in the offing. Just as the Canadian 
Division grew up, left home, and established her own 
independent household, we perhaps can expect the 
same to happen here. If the Caribbean Division can 
weather successfully the perils of childhood and 
adolescence, we may in time see the same expression 
of success. She, too, may leave home and form her 
own independent Society, perhaps even several soci- 
eties. Nor, we hope, will she forget her old mother, 
but will write frequently and come to visit. Like all 
mothers, however, we hope this is still a long time 
ahead. In the meantime, we shall look forward to 
many years in the fold of our Society where we may 
work intimately together in the solution of our prob- 
lems in plant pathology. The best of wishes to our 
Caribbean Division in the years ahead. Mucha suerte. 


S. E. A. McC. 


NE 


Editor: K. W. KreitLow, Plant 
The Society of American Bacteriologists has changed 
its name after 61 years of existence. Effective immediately, 
the Society will be known as the American Society for 
Microbiology. The new name is considered more descriptive 
of the broadened of the 
interests. The American Society for Microbiology maintains 
its headquarters at 19875 Mack Ave., Detroit 36, Michigan. 


scope Society's membership and 


Plant pathologist Larry | 
fellow studying host-parasit« 
of Plant Pathology, University 
tion with Rohm and Haas Cor 
located at Homestead, Florida. 


Krupka, formerly post-doctoral 

gy in the Department 
of Nebraska accepted a posi- 
Dr. Krupka is now 


physiolog 


ipany 


Pathologist Eugene C. Gasiorkiewicz, formerly with Flori- 
culture Crops at the Waltham, Massachusetts Field Sta- 
tion, accepted the position of Plant Pathologist and Horti 
culturist in the Basic Researcl of S. C. Johnson 
& Son, Inc. Dr. Gasiorkiewiez is located at the new Agri- 
cultural Experiment Station in R Wisconsin. 


section 


icine, 


Plant virologist William Hooker, Michigan State Univer 
sity, visited North Dakota University during March 
20-31 as a participant in the National Defense Fellowship 
Program for Visiting Lecturers. Dr. Hooker presented lec- 
tures on quantitative virus assay using infectivity, serology 
and physical-chemical methods, and multi 
plication in resistant and le plants. 


Pathologist H. H. Thornberry has 
batical leave effective March 1 
During July, he will travel in west 
from AIBS for the specific purpose 
national Center for Technical Inform 
virology. 


Pathologist W. E. Sackston, Professor of 
at McGill University, Macdonald College, 
will be in the U.S.S.R May, 
scientific exchange in a program sponsored by the 
National Research Council of Canada and the Academy of 
Sciences of the U.S.S.R. He visit institutions in 
Lisbon, Madrid, Rome, Copenhagen, Wageningen, Paris, 
and in the British Isles 


State 


discussed virus 


suscept 


sab 
1961 
grant 
Inter 
n Services in Phyto 


been granted a 
through August 31, 
rn Europe under a 
of organizing an 


iti 


Plant Pathology 
Quebec, Canada, 
and July on a 


during June 


visit 


will also 


York State 
Poughkeepsie, 


Plant pathologist DeForest H. Palmiter, New 
Agricultural Experiment Station, 
returned from a six months While in 
Chile, Dr. Palmiter made observati fruit 
with local agronomists who are interested in disease prob 
lems of deciduous fruit crops. He also made visits to the 
United Fruit Company Research Station in Honduras and 
the main fruit areas of Argentina he invited to 
check the possible presence of f blight of apples and 
pears. 


recently 
sabbatical leave. 


ms in many areas 


where was 


Sharvelle, Purdue University, presented 
ianidine Derivatives” at 
rops Protection held 
Ghent, Belgium, May 9. the meeting, he spent 
a month in Europe visiting various commercial and univer 
sity laboratories and conferring with European biologists 
on new chemicals for plant disease contro] 


Pathologist Eric G 
a paper on “The Fungitoxicity of G 
the International 


Symposium on ¢ at 


Following 


1 


Plant virologist Lindsay M. Black has been granted sab 
batical leave from the University of Illinois for the 1961-62 
academic year. Dr. Black plans spend the year in the 
laboratory of Dr. Roy Markham Agricultural Research 
Council, Virus Research Unit, Huntington Road, Cambridge, 
England. He has been given financial assistance through a 
special fellowship from National Institutes of Health. 


the 


Pathologist John W. Oswald, who has served the past two 
years as Assistant Vice President of the University of Cali- 
fornia, has been named Vice-President-Executive Assistant. 
Announcement of the appointment was made by President 
Clark Kerr following the 17 meeting of The 
Regents of the University at As Vice-President 


February 


Riverside 


ws 


Industry Station, Beltsville, Md. 


Executive Assistant, he will coordinate for President Kerr 
the activities of the Statewide University’s two prinicipal 
policy-making groups: the President’s Council of Chief 
Campus Officers and the President’s Cabinet. He will 
further serve in the planning and preparations of the Presi- 
dent’s agenda for Regents’ meetings and in the implemen- 
tation of Regent’s action. His responsibilities will also 
include assistance in the area of administrative planning 
and the implementation of the University’s administrative 
decentralization and reorganization. Dr. Oswald will retain 
his appointment as Professor of Plant Pathology and ex- 
pects to continue to do some teaching and research. He 
served as vice-chairman of the Department of Plant Pathol- 
ogy at Berkeley from 1954-58. 


Representatives of 15 Southern Land Grant Institutes 
met in Atlanta, Georgia, March 10, with officials of the 
Southern Regional Education Board to formulate plans for 
a Regional Graduate Summer Session in Plant Virology. 
The proposed session would bring together staff members 
and advanced graduate students for a six weeks period of 
instruction in plant virology by a faculty of distinguished 
virologists. Drs. S. J. P. Chilton, J. P. Fulton, H. D. Sisler, 
and M. K. Corbett, chairman, were named as a committee 
to work with Dr. William Bowden of the Southern Regional 
Educational Board to formulate further plans for the pro- 
posed summer session in plant virology. Dr. Russell Steere 
will serve as an advisor to the group. A similar summer 
session in plant nematology was held at North Carolina 
State College in 1959, 


The Canadian Phytopathological Society will hold its 
annual meeting at Regina, Saskatchewan, June 26-29, 1961. 


The Department of Plant Pathology, University of 
Arkansas, has recently initiated a study of host-parasite 
relations using microautoradiographic techniques. These 
studies are being partially supported by a grant of $22,600 
received from the National Science Foundation. Persimmon 
wilt, crown rust of oats, and cucumber anthracnose are the 
diseases being investigated. The studies are under the 
direction of Drs. Charles L. Wilson, Monroe J. Goode, and 
John P. Jones. 


Pathologist C. C. Allison recently returned from the Uni- 
versity College of Rhodesia and Nyasaland where he held a 
Fulbright Lectureship. His assignment in Rhodesia in- 
cluded advising relative to establishment of graduate work 
and cooperative research projects as well as coordinating 
research and graduate work. Enroute, Dr. Allison visited 
several Universities and Research Stations in the Union of 
South Africa. On his return trip, he visited Universities and 
Research Institutes in India, Thailand, Japan, and Hawaii 
as well as the Universities of California and Minnesota. 


Pathologist David Gottlieb has been granted a four 
months’ leave of absence to visit laboratories in western 
Europe, U.S.S.R., India, and Japan where he will confer 
with research personnel interested in the taxonomy of the 
Actinomycetes. Dr. Gottlieb International as well as 
National chairman of the Committee on Taxonomy of the 
Actinomycetes. His trip is being sponsored by the National 
Foundation the American Society for Micro- 


1s 


Science and 


biology. 


Congratulations to Dr. D. F. Crossan, Associate Professor, 
Department of Plant Pathology, University of Delaware, 
Newark, who received the Christian R. and Mary F. Lind- 


back Award for Distinguished Teaching. This University- 
wide award carries a citation and a grant of $1000.00, 


Professor Emeritus Otto A. Reinking, Cornell University, 
Ithaca, New York, spent February and March, 1961, as a 
Tropical Plant Disease Specialist studying decline of coco- 
nuts growing in the Territory of Guam. Dr. Reinking was 
invited by the government of the Territory of Guam, 
through the U. S. Department of the Interior, to undertake 
the investigations, 
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